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This invention provides for immunotoxint comprising a Pseudomonas exotoxin (PE) that (toes not require proteolytic activation for 
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5 IfWUNOTOXIN CONTAINING A DISULFIDE-STABIUZED ANTIBODY FRAGMENT 



CROSS-REFERENCE TO RELATED APPLICATIONS 

10 ThiiC i« A mgttfmaiinn.in.n9i* nf TT C CM lVI/<VKe moo _ rk.^x.. 

— — — ■■ " X *^ " * WW/ ^ y XI" 

13, 1995. which are hereby incoipoiatod by rw ff-rmcft for all pmposes. 



BACKGROUND OF THE INVENTION 
This invention pertains to the pnxfaiction and use of Psatdomonas-4exived 
15 imnnuKaoxins modified to increase their toxicity and potemy in f hwrapy In paiticolar, 
the immunotoxins of this invoition indnde a (fisnifiito-stabilized (ds) taiget-binding agent, 
such as the variable region of an antibody molecule, and a Pseudamojuu eocotoxin thai 
does not require pxoteolytic activation for cy t oiuju c activiQr. 

Immunotoxins were initially pnxhioed by chemically coupling antibodies to 
20 toxins (Vitctta et al. CeU. 41: 653-654 (1985); Pastan et al.. Am. Rev. Biochem. 61: 
331-354 (1992)) to fonn chimeric molecules. In tiiese molecules, tiie antibody portion 
mediated selective binding to target cdQs, while the toxin portion mediated translocation 
into the cytosol and subsoquHit cell killing. Several toxins have been used to make 
immunotoxins induding ridn A chain, blocked liciii, sqxnin, pokeweed aiitiviral 
25 protein, dq}htheda toxin and fteidloiiioRai eicotoxin A (F!E) (P 

1173-1177 (1991): ^^lletta et aL, Satdn. CeU mi 2: 47-58 (1991); Tazzari a al., Br. J. 
Hematol 81: 203-211 (1992); Ucknn et al.. Blood, 79: 2201-2214 (1992)). 

Several clinical trials witii immunotoxiiis have shown activity agntni^ 
fymphomas and other cancers (teived finom die he m ato poietic system (ytoaaoL et aL, 

2S) a^MssFm. S2: m>2^n {'mi); @i®3sm X mL or^i III immi 

However, fmnmnotoxiffls ai@ heterograteoiis and their large Rtw» Wmfoa 
praietration into solid tumors. Second ^neiation inmmnotoxins are totally recombinant 
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molecules made by fusing the smaUest fHmctional module of an antibody the Fv 
fragment, to a truncated toxin which lacks the cell-binding domain (Brinkmam, « al 
Proc. Natl. Acad. Sd. USA 88: 8616-8620 (1991); Kmtman « al.. Blood 80- ' 
2344-2352 (1992)). smaU size of single-chain Fv-imm„notoxins makes them much 
more useful than chemical conjugates of whole antibodies for certain therapeutic 
applications because their small size increases tumor penetration and efficacy (Fukimori 
aal.. Cancer Res. 49: 565^5663 (1989); Jain. Cancer Res., 50: 814-819 (1990)- Sung 
etal.. Cancer Res. 50: 7382-7392 (1990)). 

Several types of recombinant Fv-inmiunotoxins containing PE have been 

made and tested /«wm> as wen as in animal „odek(B,inkmann« a/., Na:l 

Acad. Sd. USA 88: 8616-8620 flQQiv Vn-Jn^- , . 

. „ ^u., oivoa, Bu: ZJ44-2352 (1992)- 

Batra etal., Proc. Nail. Acad. Sd. USA 89: 5867-5871 (1992); Reiter «a/ Cancer 
Res. 54: 2714-2718 (1994); Brinkmam, etal., Proc. Natl. Acad. Sd. USA 9o' 547-551 
(1993)). InitiaUy. the Fv regions of the immunotoxins were arranged in a single-chain 
form (scFv-immunotoxin) with the V„ and V, domains comiected by a linking peptide 
More recently. disuMde-stabilized forms of Fv-imnrunotoxins (dsFv-immunotoxins) have 
been generated in which the V„ and V, domains are comiected by a disulfide bond 
engmcered into the framework region {see. e.g. copending application USSN 08/077 252 
filed on June 14. 1993; Brinkmami et al., Proc. Natl. Acad. Sd. USA 90: 7538-7542 
(1993); Reiter et al.. Protein Eng., 7: 697-704 (1994)). Disulfide-stabilired Fv 
mmiunotoxins are much more stable than single-chain immunotoxins and can show 
miproved binding to antigen (Reiter et al., J. Biol. Chem. 269: 18327-18331 (1994)- 
Reiter et al. . Protdn Eng. 7: 697-704 (1994)). In addition. dsfV-immunotoxins are ' 
shghtly smaller in size than scfv-inmmnotoxins. and may exhibit better tumor 
pmetration. 

Recombinant immunotoxins containing PE must be proteolytically activated 
wrthm the ceU by cleavage in domain n between amino acids 279 and 280 (Ogata et al 
J. Biol. Chem., 267: 25369-25401 (1992)). To eliminate the need for imraceUular 
proteolytic activation and thereby increase cytotoxic activity, the toxin moiety of 
lecombinant toxins has been modified, nds was initiaUy done with recombinant toxins 
contammg TGFa by producing a trtmcated to™ (Pm8(^-60) mft TGFc. immM ^ 

msisr a aL. Cmcer te., S3: 340-347 (1993)). Because the toxin begins at position 
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280. h does not need proteolytic activation within the cell (Ogata a al. J. Biol. Chem., 
267: 25369-25401 (1992); Th«ier « aL /. Biol. Chan., 267: 16872-168T7 (1992)). In 
addition, these molecules had two other mutations. One was a del^on of unnecessaiy 
residues in domain lb (365-380). The other was to change the caiboxyl tenninus from 
REDLK to KDEL to increase cytotoxic activity (Scttharam a oL J. Biol Chem. , 266: 
17376-17381 (1991)). This molecule tenned PE35nX3FaKDEL was 10 - 700 fold more 
active than TGFa-PE40 on several human bladder cancer cell lines (TImier et al. , J. 
Urol, 149: 1626-1632 (1993)). However, even more specific and reactive 
immunotoxins arc desired. 



SUMMARY OF TFTF. 
Tte presoit invoition is pranised, in part, on the discovery that 
immunotoxins comprising both a disulfide-stabilized binding agent and a Pseudomonas 
exmoxin modified so that pioteolytic cleavage is trot required for cytotoxicity, show 
15 cytotoxicity far greater than would be expected based on the performance of ftision 
proteins comprising either the disulfide stabiUzed binding protein or the modified 
Pseudomonas exotoxin alone. 

Thus, in one embodiment, this invmtion provides for an immunotoxin 
comprising a Pseudomonas ex(Hoxin (PE) that docs not require proteolytic activation for 
cytotoxic activity attached to a variable teavy (V„) r^on of an Fv antibody fragment 
where the variable heavy region is bound through at least one disulfide bond to a variable 
light CVJ chain region. In a preferred embodiment, the Pseudomonas exotoxin is a 
truncated Pseudomonas exotoxin lacking domain la. In another onbodimait, 
Pseudomonas exotoxin lacks residues 1 through 279. The variable heavy chain r^on 
25 can substantially r^lace domain lb of the Pseudomonas exotoxin, or alternatively, it can 
be located in the carboxyl terminus of the Pseudomonas exotoxin. The amino terminus 
of the heavy chain region can be attached to the PE through a pq)tide linker (e.g. 
SGOGGS). The caiboxyl terminus of the heavy chain region can also be attached to the 
PE through a peptide linker (e.g. , KASGGPE). In a preferred embodiment, the antibody 
fragmoit is from Bl, B3, B5, e23, BR96, anti-Tac, RFB4, or HB21, more preferably 
Ifesaa 11, 113, ®S„ asid @23. His KUntosyl HisraniEM gs^^ssss of immaaEstoSMi sm 
SDML. IMMcjalMy pt^QwM mm'mn'lBTdm msMds ¥^5/sil3{&sfif}W>BL aad 
Bl(dsFv)PE33. 
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In another embodiment, the variable light (VJ n^oo rather tl^ the 
variable heavy region (Vh) is attached (fused) to the Pseudomonas exotoxin, while the 
variable heavy (Vh) chain is bound to the variable light (VJ chain through at least one 
disulfide bond. Paiticulaiiy preferred onbodiments include all of the embodimrats 
described above difTering only in that the V,, chain is substituted for the chain and 
vice versa. 

This invention also provides for nucleic acids racoding all of the above- 
described immunotoxins. Thus, in one embodiment, this invention provides for a nucleic 
acid mroding an immunotoxin comprising a heavy chain variable region of an Fv 
antibody fragment attached to a Pseudomonas exotoxin that does not require proteolytic 

4U;UV|tUUU ILIi \^JFtUlUAJ.U OWUTlfc^* wuwwmj umbvj wuauu viuaOwav av^^wu «#wummaw 

cysteine residues that form disulfide linkages with a variable light chain region of an Fv 
fragment and the antibody fragments comprise the variable light or variable heavy chains 
of Bl, B3, B5, e23, BR96, anti-Tac, RFB4. or HB21. In a preferred embodimwit, the 
nucleic acid encodes an immunotoxin in which the heavy chain variable region is 
substituted for domain lb of the Pseudomonas racotoxin. In another embodiment, the 
nucleic acid encodes an immunotoxin in which the heavy chain variable region is located 
after residue 607 of the Pseudomonas exotoxin. The PE component of the encoded 
immunotoxin preferably lacks amino acid residues 1 through 279. In another preferred 
embodiment, this invention also provides for nucleic acids as described above encoding 
immunotoxins in which the Vl chain is substituted for the V„ chain and vice versa. 

It was also a discovery of this invention that single chain immunotoxins 
comprising Vl or Vh regions alone, rather than as components of Fv fragments, are 
ciqjable of binding their target molecules. Thus, in yet another embodiment, this 
invention provides for a single chain immunotoxin fusion protein comprising a 
Pseudomonas exotoxin (PE) that does not require proteolytic activation for cytotoxic 
activity attached to a variable light (VJ or a variable heavy (V„) chain region. Suitable 
toxin components include any of the Pseudomonas exotoxins described above. In a 
preferred embodimoit, the Pseudomonas exotoxin is a truncated Pseudomonas exotoxin 
lacking domain la. In another preferred embodiment, the Pseudomonas exotoxin lacks 
sigsidkes 1 tosBgla 279. Tfes vaiiable tovy or light cbaim ram s^bs^tMIy r^kce 
(ismam Eb, or cm fes Eosnltsi m te sastojijfl seinsriiiMes of Pssmhfm-ms excsoMa. 
Tfee smmo iemmm of iks variable tovy or light chain region can be attached to the PE 
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through a peptide linker {e.g. , SGGGGS) while the caiboxyl tenninus of the variable 
heavy or light chain region can be attached to the PE through a peptide linker (e.g.. 
KASGGPE). The variable heavy or Ught chain are preferably derived from Bl, B3, B5. 
e23. BR96, anti-Tac, RFB4. or HB21. and more preferably from Bl, B3, B5 and e23. 
The immunotoxin can have the carboxyl terminal sequence KDEL. 

In another embodiment, this invention provides for nucleic acids encoding 
any of the above-described single chain immunotoxin fusion proteins. 

This invKttion also provides for methods of killing cells bearing a 
characteristic raaricer. The methods comprise contacting the cells with any of tfw above- 
described immunotoxins comprising a Pseudonwrtas exotoxin (PE) that does not require 
proteolytic activation for cytotoxic activity attached to a heavy chain region of an Fv 
antibody fragment which is bound through at least one disulfide bond to a variable light 
chain region or, conversely, attached to a light chain region of an Fv antibody fragment 
which is bound through at least one disulfide bond to a variable heavy chain region. 

The immunotoxins of this invention are suitable for use in phannacological 
compositions. ITiis invention thus provides for a pharmaceutical composition comprising 
an effecUve amount of an immunotoxin in a pharmacologically acceptable excipient. 
Preferred immunotoxins include any of the above-described immunotoxins comprising a 
Pseudomonas exotoxin (PE) that does not require proteolytic activation for cytotoxic 
activity attached to a heavy chain region of an Fv antibody fragmem which is bound 
through at least one disulfide bond to a variable Ught chain region or, conversely, 
attached to a light chain region of an Fv antibody fragment which is bound tiirough at 
least one disulfide bond to a variable heavy chain region. 

FmaUy, tiiis invention also provides metiiods of deUvering an antibody to 
the cytosol of a cell. The metiiods involve contacting die ceU with a chimeric molecule 
comprising the antibody attached to a Pseudomonas exotoxin tfiat does not require 
proteolytic cleavage for translocation into the cytosol of said cell. The chimeric 
molecule is preferably a fusion protein in which Uie antibody (e.g. , a V„ or a region) 
is substituted into domain lb. domain H or the carboxyl terminus of domain m. Domain 
m is preferably inactivated (its cytotoxic activity substantiaUy eliminated) by tnmcation, 
WMfoim, or amssindoiffl of m fegSeroEsjgras jp^ife sspigESg. 
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Pefinitinns. 

Abbreviations for the twenty naturaUy occurring amino acids foUow 
conventional usage (,Immmohgy - A Synthesis, (2nd ed., E.S. Golub and D.R. Gren. 
eds.. Sinauer Associates. Sunderland. MA. 1991). Stereoisomers {e.g., D-amino acids) 
of the twenty conventional amino adds, unnatural amino acids such as a.a-disubstitutcd 
amino acids. N-alkyl amino acids, lactic add, and other unconventional amino acids may 
also be suitable components for polypq)tides of the present invention. Examples of 
unconventional amino acids include: 4-hydroxyproline. 7-caiboxyglutamate. eN.N.N- 
trimethyUysine. e-N-acetyUysine, O-phosphoseiine, N-acctylserine. N-foimyhnethioninc. 
3-methylhistidine. 5-hydroxylysine. cu-N-methylaiginine. and other similar amino acids 
and imino acids {e.g. . 4-hydroxyproline). In the polypeptide notation used heidn, the 
left-hand direction is the amino-tenninal direction and the right-hand direction is the 
carboxy-terminal direction, in accordance with standard usage and convention. 
Similarly, unless specified otherwise, the left hand end of single-aranded polynucleotide 
sequences is the 5' end; the left hand direction of double-stianded polynucleotide 
«iuences is referred to as the 5* direction. The direction of 5* to 3' addition of nascent 
RNA transcripts is referred to as the transcrq)tion direction; sequence regions on the 
DNA strand having the same sequence as the RNA and which are 5' to the 5' end of the 
RNA transcript are referred to as "upstream sequences"; sequence regions on the DNA 
strand having the same sequence as the RNA and which are 3* to the 3' end of the RNA 
transcript are referred to as "downstream sequences". 

ITie term "nucleic add" refers to a single or double-stranded polymer of 
deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3' end. It includes 
self-repUcating plasmids. infectious polymers of DNA or RNA and non-ftinctional DNA 
or RNA. 

The phrase "qjecificaUy binds to a protein" or "specifically 
immunoreactive with", when referring to an antibody or a "binding agent" refen to a 
binding reaction which is determinative of the presence of the target molecule {e.g. 
protein) in the presence of a heterogeneous population of proteins and other biologies. 
Thus, under designated immunoassay conditions, the specified binding agents or fusion 
protems compmlfflg (t&s w^mM bkfcg ageojts fcd to a jpaMmtar pmteM. or ©te 
Misj molesraH©, aEd do tasl bkd m a snpiffieaiai ms,mm m cte psmteks jpresmi m te 
sample. Specific binding to a pmiem under such coaditions may require a binding agent 
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Um is «=leaed for i„ specfficity for a pmicular aige, molecule. For example 
-dbodies B., B3. B5 ..d BR96 bind 0^ W crtobydrau amige. and n«'u, any 
oto orge. n,olecd« p«sen. in a biological san,ple. A variety of inm,„™»«ay fomm, 
n»y be used u, select binding .gems ^call, active wiu. a partculax am, 
molecale. For e»mple, solid-phase EUSA inun^oassays are raninely used «, selec. 

^«Hano„.ndlane 

(1988) Andbod,es, A labomory Kfanual. Cold Spring Harbor Publications. New y<* 
for a description of inununoassay fbnnao and conditions tim can be used to detennine ' 
specific immunoreactivity. 

^"Peptides- and "polypeptides" are chains of amino acids whose a cartons 
art^-^cd th.„ugh pepUde bonds fonned by a condensation n^action between the i carbon 
caxboxyl g,x,up of one amino acid and amino group of another amino acid n,e 
termmal amino acid at one end of the chain (amino terminal) therefore has a free amino 
gioup. whUe the terminal amino acid at the other end of the chain (carboxy terminal) has 
a free cartwxyl group. 

T>picany, amino acids comprising a polypeptide an! numbe«l in onler 
««reasmg fh-m tte amino «m.inal to the caAoxy tenninal of the polypqnide Thus " 
When ^ amino acid is said to -foUoW anther. th« amino add is positioned closer «, 
the caAoxy tennmal of the polypeptide then d,e -preceding- amino acid. 

Tlie temi -lesidue- «s used heiein refers to an amino acid tia is 
»«.n»nted into a peptide. n« amino acid ma, be a namtally cccurring amino add 

udess othetwise limited, ma, «Kompass known analogs of amino acids that 

can fiincuon in a similar manner as naniially occuning unino adds. 

™'"™'"'""™i"-'=f« to a characteristic region of a polypeptide lie 

do™mmaybechamcterizedbyapmicul.rstn,«„mlfeam„^chas.nalphahelix or 
a B pleated sheet, by characteristic constitu«,t amino adds (e.g. ptedominamlv ' 
hydn-phobic or hydnvhilic amino adds, or repeating amino add sequences), or by its 
iocali^on in a particular tegion of tite foldM Uuee dimensional polypeptide. A domain 
may be c^nposed of a series of contiguous amino adds or by amino acid sequence 
sepa^ted from each oti^r in ti« chain, hu, btought imo ptoximit, by U» folding of the 



mm polypeptides ttough a pqjtide boad fomed teiweea amino terminus of one 
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be fom«i by fl« cl™,d«l coupltag of U« conai«^, pol,pq,tfd« or i, nu>y 
exp«««l a. a sinjle pol,pq,tida from -ucldc acid sequena «codi„g u» 

comip.0^ fusio. pro^i.. A Sing,, chain hsion pr„..i„ is a hsio. ^ 

single condfuous polypeptide backbone. 

A -spacer- or -Udcer- as used b«ein .rfers u> a peptide d». joins U» 
P«e«B con,pr.sn,g a fusion pro«in. Generally . spacer ha, no spedflc biotogical 

.Ctivi^ oter dun «, join tire pn^eins or » preserve some mhtaun. disa^ 
^.l^^t^e^^. However, d^constio-emannno acids of a spacer n,a, 
be selected «, influence some property of *. molecule such as U,e (biding. „« charge or 
hydrophobidty of d» molecule. ' 

A -urge, molecule", as used henHn. nrfers » a molecule u, which d.e 
bmdmg agen, specifically bimls. T^picaUy ^ cha«c<eriaic of a 

^cular cell we or physiological ^. -nms. for e:,.mple. .arge. molecules such as 
Uw« antigen or c^B2 are Wically found on vario^ cancer cells. Binding agents 
dieted ■„ U»s. urge, molecules d,us direct d« immu„«oxi„s .0 a„ cells b«mng d« 
target molecules. ^ 



gRIEF PFrSrFTmON OF THE nw^^^p 
Figure 1 provides a schematic representation of Bl immunotoxins having a 
drsulfide-stabilized binding agent placed at the amino terminus or insened in place of 
domam lb. Positions of amino acids that span PE sequences are numbered. TT.e arrow 
s|gn marks the proteolytic site of PE for activation. S-S shows the disulfide bond linkage 
b^^^een the Fv fragments. L: peptide linker, V„: variable heavy chain; V, variablel^t 
Cham; H: PE domain n for translocation; lb: PB domain lb (function unknown)- m- PE 
domam m for ADP-ribosylation of EF2. 

Figure 2 provides a schematic representaUon of e23 immunotoxins having 
a carboxyldisulfide-stabilized binding agent. I^>siaon of the amino acids that span PE 
sequences are numbered. n,e amino acids listed in the one-letter code are the C 

terminal residues. Tl»e arrow sign marks the proteolytic site of PE for activation S-S 
shows the disulfide bond linkage betwegn Fv fegm«. 
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i^-unou-xtas. Bosidon, of cysKu.. ^b«n,«„ (show. « a«erid= aar, i„ tr^^^ 
reg.o«ofe23(Fv),„A™--> Cys in V, and Gly» -> Cys in V, PtaridpCTIl 
«.co<les a pn»ota «n,ea PE35/TGF<*DEL, sartng witt a M« „ p^iflon 280 of PE 
and confining amino adds 281 » 364 «,d 381 .o 607 wiU> a ga,= encoding TCFa 
n»«»d b«w=» aniino add 607 and 604 Of FE. and d„ caAoxy,.^ 
KDEL a« subsdrnwl for the nadve REDUC se<pence. Plasmid pCIKlOl and 
pcn£103. encoding I'E35/e23 WysJKDHL and Pm5/.23(V,CyO. .«p«Uve.y, an> 
the expresston plasmid f„ the toxin-V„ components of dsfv immnnotoxin 
PE/e23(dsf.)KI,EI„ Plasmid pCnCI02 encodes e23W Cys 99 fbsed to PE amino 
actds 604^8 and catboxyi tenninal s=,.en«s KDEL. Plasmids pYR39 a«. pYR40 
>-=«le e23(V,C,5jPB38KDEL and e23(V,Cys„), reqwtively. 

effect and dmability of complete remissions 
caused h, Bl,dsfi,)PE33 ^ B,,dsF.,PB38 in a nude mouse model. Or^ of fi.e mice 

mjected s.c. with 3 x l(.on day 0 and wete Beated by i.v. injecdons of (A) 
B (dsFv,PE33 or (B, Bl<dsFv)PB8 on days 5, 7, and 9 (indicted by vetdcal ancws) 
when the tumon were es«*Ushed. Control mice were treated with PBS-HSA, Error 
ban, represent the stand^d er^r of the data. (O) Comrol; (□) 400 pmole/kg; (A) 
200 pmoWkg; (A) 100 pmoleiTtg. 

Figure 5 provides a schematic rqmsedtation of B3 immunotoxins having a 
dtsuMde-stabili^ binding agent placed a, the catboxy termimts or inserted in place of 

domain lb. Positions of amino acids dtat span PE sequences are numbeted. S-S shows 
the disulfide bond linkage betwea, the Fv ftagments. V„: variable heavy chain- V ■ 
vaiiable Ught chain; D: PE domain n for tnmslocaion: HI: PE domain in for ADP- 
ribosyladon of EF2. 



having mcreased cytotoxic activity. It was a suiprising discovery of the present 

„ fe, fe. ^ ^ ^^^^^^ ^^^^^^ ^ 

cytotoxic activity stow un^,^ Ugh levels of cytotoxicity, particularly greater 
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2 ^ ».*ld increase u, cyu,«>^^ » urge. oem. TOs c^ci,, ^ 

.«utam«,unmuno«,xta of taprovedptamiacotosial efficacy 

11« «™ binding ag«„, a. „«d be™,, ,ef.n » a molecule Um sp«ificaUy ,«og„i^ 

unm^ou^ 3 bind «, and or ini^i. g^ „, 

cells beanngarge, molecules .cognized bytl^e binding .gem. 

Preferred binding agems are immunoglobulins, members of tbe 
«ogtobulin family or molecules dedv^ ftom immunoglobulins or memben of U« 
immunoglobulin famiiv „ . _ «nDen or tue 

- HI ^ecuon U(A). Paiticulariy preferred 

0^ ^« mclude immu™,g,obulin fmgmen« incorporaring ,«ogni«on domains of 

unmunogtobulin (or immunoglobulin hmUy) molecules (e.g. inco.pon«ing U,. 
variable region of an antibody). 

Prefa^d bindmg agems include a. leas. *o differea polypq,ddes rba. are 
jomed togeU-er by a lini^er. mos. preferably by a disulfide Un^ (..,. Zed be^r 

ZTb" Z^. " """""^ '^^ "^'^ 

om«, by a drsulfide bntage bave a reduce) tendency «. ,ggrega«, sbow a generaUy 

longer serum balf-life mrd are said «, be -s-abili^-. a disulflde-stabilized binding 

as us«J herein, refers «, a binding agen. comprising a. leas. »o polypeptides 
Z^, : " ™ ™ ^ ~ -^Sc, however, need no. be d,e 

only un^ge jommg Ure polypepades. Tlrus, for example, a variable Ugh. and variable 
heavy Cham of an amibody may be J„in«l by a disumd. linkage and «ldldonaUy joined 
by termmal p.p,ide linker. Such a molecule ma, Urus be expressed as a single chain 
fus-on protein (e.g. V.-pq«,de.VJ where d,e V„ and V,p„„pep«es are subsequenUy 
cross-hnk«, by ,he formaUon of a disulfide linkage. MeU«.s of producing disulfide- 
surbdrzed binding agems can be found in coi^nding pa«„. appUcadon USSN 08/077 232 
filed on June 14, 1993. "".-u^, 

'^"'""^ "•«*«''fide-sabilized binding agen, is anacbedtt a 
Psa^nas exomxin which is modified so Urn it is cywtoxic wiUiou. requiring 
proBolyuc actvadou. As expWned ^ ^ s«ioa m. a* ^fely ««b 
fe « » a. ta, 2n. Me** of 

««oxins that do ,« rcprire proteolytic cteavage for activation ar^ described in 
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copending patent application 08/405,615. filed on Maich 15. 1995 which is a 

continuation of 07/901,709 filed on June 18. 1992. 

The disulfide-stabilized binding agent may be located at virtually any 
position Within the modified Pseu^^onas exotoxin. In one p«fe„«, embodiment the 
bindmg agent is inserted in r^iacement for domain la as has been accomplished in what 
u imown as the TGF«/PE40 molecule (also lefened to as IP40) descnT^d in Heimbtook 
et al Pr^. Na:l Aca,. Sa.. USA, 87: 4697-4701 (1990) and in commonly assigned 
U.S.S.N. 07/865.722 filed April 8. 1992 and in U.S.S.N. 07/522.563 filed May^T 
1990. • 

Tie dkulflde-aabilfeed Mndtag ^ aaj, ^ 
-U^Jtor portons of i,. Ti^, 3,3 39, i„ ^ 

may be dimim»d or ..placed wid, of .he t«o chain, of Uie 
buKling agent. 

■^*^»'^«>«'iB^Wndi.,g.|e„...„,rten,.S«dybeIocattdne.ror 
at tt« an.«o or carfcoxyl tt™i„us. Where to disuMcte-aabOizKl binding .gen. 

loeattd m ,he caiboxyl Brminus, i, i. p„rf.rably located after anuno add 604 wifl, a 

po.do„ between anUno acid 604 and 608 being „„„ p.efe„ed and a posi«on after abon. 

anuno acid 607 being moa p„,fer«d. An appropriate carboxyl end of PE au, be 

.=c.«ttdb,pladngan,ino,cidsabo« 604^nofPBaft.rtobindb,gagen.. "nrna tte 
dm-lfide-stabUized billing agen, is p,efenU,Iy inserted wiflln to recon-binan. PB 
molecule after abou. amino acid 607 is foUowed by amino acids 604^,3 of donuUn 
m of PE. TlK new cartx,xyl terminus can also include to endoplasmic retention 
^quences REDUC and KDEL, wiu. KDB. being mos. p.efened. T*e te™in„s ™, 
abo UK ud .ern^ ^ ^-^ ^ ^ ^ X 

to d«,lfide-s«bilized binding agen. is an amibody which is locaed after residue 607 
and U.en followed by PE residues 604^8 which, in mm. are foBowed by KDEL 
V. or V„ regions frem a desired anUbody may also be inserted in a single chain fbnn 
Within domain m. 

Where the disulfide-stabilized binding agent is an antibody more 

TvT ' '^7''°" °' " "-^^ can be fiised to 'either the V. 

^ea. & m V, o. V, ^ fe, ^ 
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Such linkers can be attached to the Vh or the at either the caiboxyl tenninal of the 
variable chain, the amino terminal of the variable ctain, or at both termini. 

When the variable heavy (V„) chain is fused to the PE, the variable light 
(Vl) chain is joined to the fused variable heavy chain by one or more disulfide linkages. 
5 Conversely, when the variable Ught (V J chain is fused to the PE. the variable heavy 
(V„) chain is joined to the fused variable light chain by one or more disulfide linkages. 

It was also a discovery of the present invention that variable heavy or light 
chain regions aloi», rather than as a componrait of an Fv region, are c^iable of 
qjecifically binding to their target molecules. Thus, in one embodiment, this invention 
10 provides for single chain immunotoxin fusion protMns comprising a Pseudomonas 

exotoxin (PE) that docs not require proteolytic activation for cytotoxic activity attached to 
a variable light (V J or a variable heavy (Vh) chain region. In effect tlwse fusion 
proteins are made in the same manner as the disulfide-stabilized fusion proteins described 
above, but the stq) wherd)y the rrapective variable regions are joined by disulfide 
15 linkages is omitted. In addition, as no disulfide linkages need be formed, there is no 
Med to introduce cysteine into either of the variable regions, or to eliminate cy«eines 
exi^g in the PE. Either the variable light chain or the variable heavy chain can be 
expressed in fusion with the modified PE. 

Those skilled in the art will realize that additional modifications, del^ons, 
20 insertions and the like may be made to the disulfide-stabilized binding agwit and PE 

genes. EspeciaUy, delrtions or changes may be made in PE or in a linker connecting an 
antibody gene to PE, in order to increase cytotoxicity of the fusion protein toward target 
cells or to decrease nonspecific cytotoxicity toward cells without antigen for the 
antibody. Typical modifications, include, but are not limited to 
25 introduction of an upstream mrthionine for transcription initiation, mutation of residues 
to cyaeine in the V„ or Vl regions for the creation of disulfi(te linkages, mutation of 
cysteine at position 287 in PE to serine to prevent unwanted disulfide linkage fonnation, 
an upstream (amino) pqjtide linker {e.g. GGGGS), a downstream (carboxyl) pq)tide 
linker {e.g. KASGGPE), and so foith. All such constructions may be made by methods 
of genetic engineering well known to those skilled in the art (see. generally, Berger and 
&SM©1, GuMs iis M^k£[ikir CEmaSFig Tedmquss, MeshaSs M Bmsmsthgy VnDimm 152 
Aecdlsmfs Etes, Eec. Sam Dnsgo, CA (OSssgesr); SambBrois es ai. Moleadm- Cksmg - A 
Labormory Manual (2nd ed.) Vol. 1-3, Cold Spring Hariror Laboratory, Cold Spring 
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Hartjor Press, NY, (1989); and Current Protocob in Molecular Biology, F.M. Ausubel 
cf fl/., eds., a joint venture between Greene Publishing Associates, Inc. and John Wiley 
& Sons, Inc., (1994 Supplement) (Ausubel). Methods of pnxiucing recombinant 
immunoglobulins are also known in the an. See, Cabilly, U.S. Patau No. 4,816.567; 
and Queen et al. Proc. Nm'lAcad. Sd. USA, 86: 10029-10033 (1989)). 

I. Disulfide StabHimd Binding Protein, 

A) General immunoglobulin structure. 

As used herein, the teims "immunological binding' and "immunological 
binding properties" refer to the non-covateit interactions of the type which ocair 
between an immunoglobulin molecule and an antigen for which the immunoglobulin is 
specific. The strength or affinity of immunological binding interactions can be expressed 
in terms of the dissociation constant (KJ of the interaction, wherein a nnaller Kjj 
represents a greater affinity. Immunological binding properties of selected polypeptides 
can be quantified using m^ods weU known in the ait. One such method entails 
measuring the rates of antigen-binding site/antigen complex formation and dissociation, 
wherein those rates depend on the concentrations of the complex partners, the affinity of 
the interaction, and on geomaric parameters tiiat equally influence the rate in both 
directions. Thus, both the "on rate constant" (KJ) and the "off rate constant" (K^) can 
be detemined by calculation of the concentrations and the actual rates of association and 
dissociaUon. The ratio of K,,^ enables cancellation of all parameters not related to 
afFmity and is thus equal to the dissociation constant K^. (See. generally, Davies et al. 
Ann. Rev. Biochem., 59: 439-473 (1990)). 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypqjtides substantially enco<ted by immunoglobulin goies or fragments of 
immunoglobulin genes. The recognized immunoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, ep&Uon and mu constant region genes, as well as myriad 
immunoglobulin variable region genes. light chains are classified as either kappa or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsUon, which in 
turn define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, nspectivcly. 

a esssMgr. Esah mmmes as ccsapo^ of swo ideatica! paiK of polypq^ide chains, each 
pair having one "light" (about 25 kD or about 214 amino acids) and one "heavy" chain 
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(about 50-70 kD or about 446 amino acids). The C-tenninus of each chain defines a 
constant region (C) that detennines the antibody's effector function {e.g., complement 
fixation, (^sonization, etc.), while the N-tenninus of each chain defines a variable region 
of about 100 to 110 or more amino acids primarily responsible for antigoi recognition. 
The terms variable light chain (VJ and variable heavy chain (Vh) rrfer to these light and 
heavy chains respectively. 

Members of the immunoglobulin family all share an immunoglobulin-like 
domain characterized by a centrally placed disulfide bridge that ^ilizes a series of 
antii»iallel /J strands into an immunoglobulin-like fold. Members of the family (e.g. , 
MHC class I, class n molecules, antibodies and T cell receptors) can share homology 
with either immunoglobulin variable or constant domains. 

Full-length immunoglobulin or antibody "light chains" (generally about 25 
kilodaltons (Kd), about 214 amino acids) arc encoded by a variable region gene at the N- 
terminus (generally about 110 amino acids) and a constant region gaie at the COOH- 
15 terminus. Full-length immunoglobulin or antibody "Iwavy chains" (generally about 50 
Kd, about 446 amino acids), are similariy encoded by a variable region gene (generally 
encoding about 1 16 amino acids) and one of the constam region genes (encoding about 
330 amino acids). TypicaUy, the "V^" will include the portion of the light chain encoded 
by the Vl and J,. (J or joining region) gene segments, and the "V^" will include the 
20 portion of the heavy chain encocted by the Vh. and Dh (D or diversity region) and !„ 

gene segments. See generally, Roitt, et ai , Immunology, Chapter 6, (2d ed. 1989) and 
Paul, Fundamental Immunology; Raven Press (2d ed. 1989). The Fv antibody fragment 
includes the variable heavy chain and variable light chain regions. 

An immunoglobulin light or heavy chain variable region comprises three 
25 bypervariable regions, also called complementarity determining regions or CDRs, flanked 
by four relatively conserved frameworic regions or FRs. Numerous framework regions 
and CDRs have been described (see, Rabat et al.. Sequences of Proteins of 
Immunological Interest, U.S. Government Printing Office, NIH Publication No. 91-3242 
(1991); referred to herein as "Kabat and Wu"). The sequences of the framework regions 
of different light or heavy chains are relatively conserved. The CDR and FR polypqjtide 
sggEEgsits ass dlssipased] empMcaly bassiil m ss^iiEgstce ajsalysis of tttes Fy iregisa of 
pssssisJiiag suaJitaSigs oir of DMA es.9Ci3!kf fcss. Fipsss affipressa of aatimdly 
s^ueoces of iaterestt wish &ose published in Kabat and Wu and elsewhere, framework 
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regions and CDRs can be detennined for the antibody or other ligand binding moi^ of 
interest. The combined framework r^ons of the constituent light and heavy chains 
serve to position and align the CDRs. The CDRs are primarily responsible for binding 
to an epitO|^ of an antigen and are typically referred to as CDRl, CDR2, and CDR3, 

S numbered sequentially starting from the N-terminus of tbc variable region chain. 
Framework regions are similaily numbered. 

The general arrangement of T cell receptor goies is similar to that of 
antibody heavy chains, T cell receptors (TCR) have bcHh variable domains (V) and 
constant (C) domains. The V domains function to bind antigen. There are regions in the 

10 V domain homologous to the framewoik CDR regions of antibodies. Homology to tbt 
immunoglobulin V regions can be detennined by aligiunent. The V region of the TCRs 
has a high amino acid sequence homology with tte Fv of antibodies. Hedrick et al. , 
Nature (London) 308:153-158 (1984)). 

The term CDR, as used herein, refers to amino acid sequmces which 

15 together defme the bimling affinity and q)ecificity of the natural variable binding region 
of a native immunoglobulin binding site (such as Fv), a T cell recqnor (such as V„ and 
V^), or a synthetic polypqitide which mimics this function. The term "framework 
region" or "FR", as used herein, refers to amino acid sequences interposed between 
CDRs. 

20 The "binding agents" referred to here are those molecules that have a 

variable domain that is capable of functioning to bind specifically or otherwise recognize 
a particular ligand or antigen. Moires of particular interest include antibodies and T 
cell receptors, as well as synthetic or recombinant binding fragments of those such as Fv, 
Fab, F(ab')3 and the like. Appropriate variable regions include V^, V,,, V„ and and 

25 the like. 

Antibodies exist as intact inununoglobulins or as a number of well 
chaxacteiized fragments produced by digestion with various pqjtidases. Thus, for 
example, p^sin digests an antibody below the disulfide linkages in the binge region to 
produce F(ab)'2. a dimer of Fab which itself is a light chain joined to Vh-ChI by a 
30 disulfide bond. The F(ab)'2 may be reduced under mild conditions to break the disulfide 
Mffifegs EJB £fes teoigg GQgfM fes&by ©ssvofffcg ais (Fa!b'')g iSsmss fcto m Fab' smoESMgr. 
Tks F&h' MOECEiiieir as issssattMIy mn Fab wialh purs of ttSis fcmgs iregioiffl. Tks ¥v Eegioia is 
the variable part of Fab; a Vh-Vl dimer (see. Fundamental Immunology, W.E. Paul, ed. , 
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Raven Press. N.Y. (1993). for a more detailed description of other antibody fragniems) 
While various antibody fragments are defined in terms of the digestion of an intact 
antibody, one of skill win appreciate that such fragmems Fv) ro^y be synthesized 

either chemicaUy or by utmzing recombinant DNA methodology Tkas the 
tenn antibody, as used herein also includes antibody fragments either produced by the 
modification of whole antibodies or synthesized & nm« using recombinant DNA 
methodologies. Preferred antibodies inchide disulfide-stabaized antibodies more 
preferably disulfide-stabUized Fv (dsfv) antibodies in which a variable hea.7 and a 
variable light chain are joined together by at least one disulfide linkage to for™ an intact 
Fv fragment. 

Praciiec of this invention preferably employs the Fv portions of an 
antibody or the V portions of a TCR. Other sections, e.g.. C„ and C,. of native 
mrnmnogtobulin protein structure need not be present and normaUy are intentionany 
omitted from the polypeptides of this invention. However, the polypeptides of the 
mvention may comprise additional polypeptide regions defining a bioactive region e g 
a toxm or enzyme, or a site onto which a toxin or a remotely detectable substance' can be 
attached, as wUl be described below. 



B) PrcparaHon of Fv FVagmiifiiff 

Information regarding the Fv antibody fragments or other ligand binding 
morety of interest is required in order to produce proper placement of the disulfide bond 
to stabilize Uie desired disulfide stabUized fragmem. such as an Fv fragment (dsFv) The 
amino acid sequences of the variable fragments that are of imerest are compared by 
aUgmnent with Uiose analogous sequences in die weU-known pubHcation by Kabat and 
Wu. supra, to determine which sequences can be mutated so Umt cysteine is encoded for 
m Uie proper position of each heavy and Ught chain variable region to provide a disulfide 
bond in the frameworic regions of the desired polypeptide ftagmem. Cysteine residues 
are preferred to provide Uie covalent disulfide bonds. For example, a disulfide bond 
could be placed to comiect FR4 of V, and FR2 of V„; or to comuxt FR2 of V, and FR4 
of V„. 

After As ss^mto aMgasd, fc gi» ssM ^m^m m fe gg^rsssg 
Wu Me identified: poatioes 43, 44. 45. 46. md 47 (group 1) and positions 103 
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104, 105, and 106 (group 2) of the heavy chain variable region; and positions 42, 43, 
44, AS, and 46 (group 3) and positions 98, 99, 100, and 101 (group 4) of the light ctein 
variable region. In some cases, some of these positions may be missing, rqiresenting a 
gap in tt« alignment. 

5 Then, the nucleic acid ^uences encoding the ammo acids at two of these 

identified positions are changed such that these two amino acids are mutated to cysteine 
residues. The pair of amino acids to be selected are, in order of decreasing preference: 

Vh44-Vl105 

Vrf44-VL99 
10 V„44-Vl100, 

V„105-Vx.43. 

V„105-Vl42. 

V„44-Vl101, 

V„106-Vl43, 

15 V„104-Vl43. 

V„45-V^98, 
V„46-V^98. 
V„103-Vi.43, 
V„103-Vi.44, 

20 V„103-Vi.45. 



Most preferably, substitutions of cysteine are made at the positions: 
Vh44-Vl105 {see. e.g., Bl(dsfv)-PE33); 
V„44-Vl99 {see. e.g., PE35/e23(dsFv)KDEL); 
25 V„44-Vl100; or 

V„105-Vl43. 



(The notation Vh44-Vl100, for example, refers to a polyp^tide with a Vj, 
having a cysteine at position 44 and a cysteine in at position 100; the positions being 
30 in accordance with the numbering given by Kabat and Wu.) 

muaffltossiag of pustesas sefers do <£s&;sdl ©sasSiRfSJil s^di'jiss aisd! §M to adtoiall aaiES) acid 
positions in a given antibody. For example. CysLlCK) (of Kabat and Wu) which is used 
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U.C numb«ing scheme in Kata. and W„ ,„ t ceU s„bai,uaons of cyaei,^ 

be made a. posiB™ 4.. 42, 43, 44 or 45 of V. a«d a. pc^do. 106, 107, 108, ,09 o, 
• >0 of V,; or a. position 104, 105, 106, 107, 108 or 109 of V. and a, posiSon 41 42 

43, 44 or 45 of V,. such positions being in accontace with Ub Kabat and Wu 
:»n,b«ine scheme for TCRs. When s.ch teference is n»de, the most peered cysteine 
suhstm-uons a,, V.42-V,l,0 and V.108-V^2. V, positions 106, 107 and V. positions 
104. 105 are CDR positions, but dKy are positions in which disulfide bonds can be 



As an alternative to identifying the amino add position for cysteine 
substitution with reference to the Kabat and Wu numbering scheme, one could aUgn a 
sequence of interest with the sequence for monoclonal antibody (MAb) Bl B3 or B5 
hybridomas of which have all been deposited with the American T>pe Culmre Collection 
in RockviUe, Maryland with designations of HB 10569. HB 10572. and HB 10573) as 
described in U.S. Patent No. 5.242.813. copending appUcation USSN 07/767 331 filed 
on September 30. 1991. copending application USSN 08/051.133. filed on April 22 
1993. copending aiqilications USSN 08/331.391. 08/331.397 and 08/331 396 aU fded 
on October 28. 1994. and by Benhar er ai:. CUn. Cancer. Res., U 1023-1029 (1995) 

ammo acid positions of B3 which conelate with the Kabat and Wu V„ positions set 
forth above for Group 1 are 43. 44. 45. 46. and 47. re^vely; for Group 2 are 109 
no. 111. and 112. respectively. TTie amino acid positions of B3 which coirehite with' 
the Kabat and Wu V, positions set forth above for Group 3 are 47. 48. 49. 50 and 51 
respectively; Group 4 are 103. 104, 105. and 106. respectively. 

Alternatively, the sites of mutation to the cysteine residues can be 
identified by review of eitiier the actual antibody or tire model antibody of interest as 
exemplified below. Computer programs to create models of preteins such as antibodies 
are generally available and weU-known to tiiose skilled in the art (see Kabat and Wu- 
U)ew. et al., Ira. J. Quart, Chen,.. Quaru. Biol. Symp., 75:55-66 (1988); Bruccoleri et 
ai, Nmre, iJ5:564-568 (I9g8); mS CkuMM, es^l, Mmce, 232:755-75^ (Wm ' 
Cc^Mly avMlaMs cempMsr pmg^, cm^msim dL^by ^^^^^ , 
computer monitor, to cMcukte mo distance toweei, atoms, and to estimate the likelihood 
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of different amino acids interacting (see, Feirin, et ai, J. Mol Graphics. 6: 13-27 
(1988)). For example, computer models can predict charged amino acid residues that are 
accessible and relevant in binding and then conformationally restricted organic molecules 
can be synthesized. See, for example, Saragovi, et cd.. Science, 253:792 (1991). In 
S other cases, an e^qwrimentally detennined actual structure of the antibody may be 
available. 

A pair of suitable amino acid residues should (1) have a C„-C„ distance 
boween the two residues less than or equal to 8 A, preferably less than or equal to 6.5 A 
(detennined from the crystal structure of antibodies which are available such as those 

in fimTTi th#» nnrv-iVhavm 1>mtf>in Ttetn Pa wV^ af»H fi^ K«» nntno f^w^ <-rr>T» : 

possible. Once they are identified, they can be substituted with cysteines. The C„-C„ 
distances between residue pairs in the modeled B3 at positions homolc^ous to those listed 
above are set out in Table 1 , below. 

Introduction of one pair of cysteine substitutions will be sufficient for most 

IS applications. Additional substitutions may be useful and desirable in some cases. 

Modifications of the genes to encode cysteine at the target point may be 
readily accomplished by well-known techniques, such as site-directed mutagenesis {see, 
GiUman and Smith, Gene, 8: 81-97 (1979) and Roberts, et al. Nature, 328J31-734 
(1987)) by the method described in Kunkel, Proc. Natl. Acad. Sci. USA 82:488-492 

20 (1985), or by any other means known in the art. 

Separate vectors with sequences for the desired Vh and Vl sequences (or 
other homologous V sequences) may be made from the mutagenized plasmid. The 
sequences encoding the heavy chain regions and the light chain regions are produced and 
expressed in sq)arate cultures in any manner known or described in the art, with the 

25 excqnion of the guidelines provided below. If another sequence, such as a sequence for 
a toxin, is to be incorporated into the expressed polypq}tide, it can linked to the V„ 
or the Vl sequence at either the N- or C-terminus or be inserted into other protein 
sequences in a suitable position. For example, for Pseudomonas exotoxin (PE) derived 
fusion proteins, either V„ or should be linked to the N-terminus of the toxin or be 

30 inserted into domain HI of PE, like for trample TGFcs in Thssjer ei al. , J. Urol. , 149: 

1(S26-1(S32 m mssiitedl m pHass of dlsaiaiM Eb of IPS. For ©BpSis&sm cojsm-dssived 

SMmunotoxins, V„ or Vl is preferably linked to the C-teoninus off Ae toxim. 
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Pqmde linkers, such as those used in the expression of recombinant single 
chain antibodies, may be employed to link the two variable regions (V^ and Vl, V„ and 

if desired and may positively increase stability in some molecules. Bivalent or 
multivalent disulfide stabilized polypeptides of Uie invention can be constructed by 

S connecting two or more, preferably identical, Vh regions with a peptide linker ami 

adding V^^ as described in the examples, below. Connecting two or more regions by 
linkers is preferred to connecting Vi. regions by linkers since the tendency to fonn 
homodimers is greater with V,. regions, feptida linkers and their use are welI-kiK>wn in 
the art. See, e.g., Huston et al., Proc. Natl. Acad. Sd. USA, supra; Bird aaL, 

10 Science, supra; Glockshuber et al., supra; U.S. Patoit No. 4,946,778, U.S. Patent No. 
S,132,40S and most recently in Stemmer et al. , Biotechniques 14:256-265 (1993). 

O Various dsFv fragment molecules. 

It should be understood that the descrii^on of the dsFv pqjtides described 

IS above can cover all classes/groups of antibodies of all different qiecies (e.g. , mouse, 
rabbit, goat, human) chimeric peptides, humanized antibodies and the like. 'Chimeric 
antibodies" or "chimeric peptides" refer to those antibodies or antibody pqjtides wherein 
one portion of the peptide has an amino acid sequence that is derived from, or is 
homologous to, a corresponding sequence in an antibody or peptide derived from a fust 

20 gene source, while the remaining segment of the chain(s) is homologous to corresponding 
sequences of another gene source. For example, chimeric antibodies can include 
antibodies where the framework and complementarity determining regions are from 
different sources. For example, non-human CDRs are integrated into human framework 
regions linked to a human constant region to make "humanized antibodies." See, for 

25 example, PCX Application Publication No. WO 87/02671, U.S. Patent No. 4,816,567, 
EP Patent Application 0173494, Jones, et al., Nature, 321:522-525 (1986) and 
Verhoeyen, et al., Science, 239:1534-1536 (1988). Similariy, the source of V„ can 
differ from the source of V^. 

Particularly preferred binding agents are derived from antibodies that 

30 specifically recognize and bind to receptors or other surface maricers characteristic of 
(KESST G©ls. Sueh mmissss, msj& e®!nisspjafeig aa!Ji.!!mitas as® w@l teo'^yini m Sfcoss of 
sHl mi msMds, bM ains mi hsmted to casdffltssmlbsyQaEC m'&^m (CIIA), teaasfema 
recqxtor (taig^ed by HB21), the EGF recqjtor (targeted by TGFa), P-glycoprotein, 
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c-erbB2 (targeted by e23), Lewis* cartwhydrate antigens (targ«ed by Bl, B3, B5, BR96, 
etc.), the TL-1 receptor (targeted by anti-Tac), and antigens described in the Abstracts of 
the Hiiid International Conference on Monoclonal Antibody Immimoconjugates for 
Cancer (San Diego, CA 1988). 

TO Molecules homologous to antibody Fv domains - T-ccIl receptors. 

This binding agents used in this invention can be derived from molecules 
that exhibit a high degree of homology to the antibody Fv (tomains, including die ligand- 
specific V-region of the T-cell recqjtor (TCR). An example of such an plication is 

»t?__j I I f!!.- — ontinAn-nnamfi/* \7 nMnnn nf o TTTJ mnlpmlA 

(Becker a aL, Nature (London) 317: 430-434 (1985)), was aligned again^ the Fv 
domains of two antibody moleailes McPC603 (sec below) and J539 (Protein Data Bank 
entry 2FBJ), using a standard sequence aligrunent package. Whra the V. sequence of 
2B4 was aligned to the Vh sequences of the two antibodies, the SI site residue, 
corresponding to Vh44 of B3, can be identified as V„43S (TCR 42 in the numbering 
scheme of Kabat and Wu) and the S2 site residue, corresponding to V„lll of B3, as 
V,104Q (TCR 108 in the numbering scheme of Kabat and Wu). When the same V„ 
sequence was aUgned to the V,, sequences of the two antibodies, the same residues, 
V.43S and V„104Q, can be identified, this time aligned to the residues corre^nding to 
Vt48 and Vl105 of B3, respectively. Similariy. the 2B4 residues V^2E and V^IOTP 
(TCR 42 and 1 10 in the numbering scheme of Kabat, et ai) can be aligned to antibody 
residues contending to Vh44 and V„l 11 of B3 and at the same time to Vl48 and 
Vl105 of B3. nierefore, the two most preferred interchain disulfide bond sites in this 
TCR are V„43 - V^IO? and V.104 - Wgil. Mutating the two residues in one of these 
pairs of residues into cysteine will introduce a disulfide bond b^een the a and /3 chains 
of this molecule. The stabilization that results from this disulfide bond will make it 
possible to isolate and purify these molecules in large quantities. 

n. Modtned Toxins 

As ffidicaiteS afcjjve, tits pisferaed immuiEctoKiffls cosiipiiss a disulfMs- 

ssafelsasd bkitag agess Jofesdl to a Psens^mmms essioM ESJifEsd {e.g. mM.t£Ss^ so 
fcl pmt^lytic ci^vage is sot r^ir^ for cytotoxic activity. As ms^l hereia, cytotoxic 
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activity refers to the ability to kill a ceU or to significantly reduce its growth or 
proliferation rate. 

The PE molecules of this invention are uniquely characterized by their 
increased cytotoxicity to target ceUs and increased antitumor activity when coupled with 
a disulfide-stabilized binding agent specific for the target cells. The increased 
cytotoxicity occurs in comparison to the use of naUve fusion proteins (comprising a PE 
that does require proteolytic cleavage) joined to a disulfide stabilized binding agent {see. 
e.g. commonly assigned U.S.S.N. 08/077,252, filed on June 14, 1993) or in comparison 
to fusion proteins comprising a modified PE that does not require proteolytic activation 
fi.c*H rn 9 cinale chain Fv (scFv) (see. e.g. commonly assigned U.S.S.N. 08/405,615, 

filed on March 15, 1995). 

Assays for determining cytcHoxicity typically involve a comparison 
between the fusion protein comprising the subject PE molecule and a disulfide-stabilized 
binding agent and a fusion protein comprising a reference PE molecule, e.g. PE40, 
joined to a disulfide-stabiUzed binding agent or conversely a modified PE molecule 
joined to a single chain Fv (scFv). The respective fusion proteins are then tested in 
cytotoxicity assays against cells specific for the binding agent. ICjqS (defuied below) 
obtained may be adjusted to obtain a cytotoxicity index by adjusting the values such that 
the concentration of toxin that displaces 50% of labeled ligand from ligand receptors is 
divided by the IC^ of the recombinant toxin on ceUs bearing the ligand receptors. The 
cytotoxicity index for each PE molecule is then compared. 

PE molecules having corrected cytotoxicity indices of about 20 times or 
more, preferably about 60 times or more, and most preferably about 300 times or more, 
over PE40 or other PE molecules where no deletion of domain n has occurred are 
desired. A PE molecule lacking domain la may be expressed by plasmid pJH8 which 
expresses domains H, lb and m. Plasmid pJH8 is described in U.S. Patent No. 
4,892,827 and is available from the American Type Culture CoUcction in Rockville, 

Maryland as ATCC 67208. 

"ICjo" refers to the concentration of the toxin that inhibits protein synthesis 
in the target ceUs by 50%, which is typically measured by standard 'H-leucine 

ksospoirasioai assays. IDnsiplaceM assays m ouaspsaidve bkdiai assays wslll bffiwna 
md described m te m. Tfeey measuse abilQf of oes ^Ms do compsie wiaih 
another p^tide for the binding of a target antigen. 



10 
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A preferred PE molecule is one in which domain la is deleted and no more 
than the flrst 27 amino acids have been deleted from the amino terminal end of domain 
n. This substantially r^resents the deletion of amino adds 1 to 279. The cytotoxic 
advantage created by this del^ion is greatly (tocrea^d if the following deletions are 
made: 1-281; 1-283; 1-286; and 314-380. It is »tiprising that the delaion of 27, but 
not 29, 31, 33 or 36 amino acids from the amino aid of (tomain n results in inciea^ 
toxic activity since this domain is reqxmsible for tte translocation of the toxin into the 
cytosol. 

In addition, the PE molecules can be further modified using site-directed 
mutagenesis or other techniques known in the ait, to alter the molecule for particular 
(tesired application. Means to alter the PE molecule in a manner that does ncA 
substantially affect the functional advantages provided by the PE molecules described 
here can also be used and such resulting molecules are intended to be covned heitdn. 

Fbr maximum cytotoxic pn^)erties of a preferred PE molecule, several 
15 modifications to the molecule are recommended. An {^ropriate caifooxyl terminal 

sequence to the recombinant molecule is preferred to translocate the molecule into ibc 
cytosol of target cells. Amino acid sequences which have been fcHind to be effective 
inchide, REDLK (as in native Pl^, REDL or KDEL, repeats of those, or other 
sequences that function to maintain or recycle proteins into the oidoplasmic r^culum, 
20 referred to here as "endoplasmic retention sequences". See, for example, Chaudhaiy et 
al. Proc. Natl. Acad. ScL USA 87:308-312 and Sectharam et al. J. Biol Oiem. 266: 
17376-17381 (1991) and commonly assigned, USSN 07/459,635 fUed January 2, 1990). 

Deletions of amino acids 365-380 of domain lb can be made without loss 
of activity. Further, a substitution of methionine at amino acid position 280 in place of 
25 glycine to allow the synthesis of the protein to begin and of serine at amino add position 
287 in place of cysteine to prevent formation of imprc^)er disulfide bonds is beneficial. 

As an alternative to del^on, domain lb can be substituted with the 
disulfide stabilized binding agent as described above and in Example 1. 

30 m. Protein Expression and Purification. 

amsflitei!- of Effisaiffis wsffi kE^wm m sihisss of skSIOl sa Elks ainL Wtes® dasisMfis-siiabilli^ 
binding agent and/or the modified Pseudomonas exotoxin are relatively short (i.e. , less 
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than about SO amino acids) they may be synthesized using standard chemical peptide 
synthesis techniques. Where both molecules are relatively short the chimeric molecule 
may be synthesized as a single contiguous polypqjtide. Alternatively the targeting 
molecule and the effector molecule may be synthesized separately and then fused by 
concfeosation of the amino terminus of one molecule with the carboxyl terminus of the 
other molecule thtteby forming a pqnide bond. Alternatively, the targeting and effeoor 
molecules may each be condens«l with one end of a pqjtide spacer molecule thereby 
forming a contiguous fusion protein. 

Solid phase synthesis in which tttt C-tenninal anuno acid of the sequence 
is attacted to an insoluble suf^rt followed by nquential addition of the remaining 
amino acids in the sequence is the prefored m^hod for the cl^nucal synthesis of the 
polypq)tides of this invention. Techniques for solid phase synthesis are described by 
Barany and Merrifield, Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis. Biology. Vol. 2: Special Methods in Peptide Synthesis. Pan A. , 
Merrifield, et al. J. Am. Otem. Soc, 85: 2149-2156 (1963), and Stewart et al.. Solid 
Phase Peptide Synthesis. 2nd ed. Pierce Chem. Co., RocMord, 111. (1984) which are 
incorporated herein by reference. 

In a preferred embodiment, the chimeric fusion proteins of the presem 
invention are synthesized using recombinant DNA methodology. Generally this involves 
creating a DNA sequence that encodes the fusion protein, placing the DNA in an 
expression cassette under the control of a particular promoter, expressing the protein in a 
host, isolating the expressed protein and, if required, renaturing the protein. 

DNA encoding the fusion proteins {e.g. PE35/e23(dsFv)KDEL, 
Bl(dsFv)-PE33, etc.) of this invention may be prepared by any suitable method, 
including, for ocample, cloning and restriction of appropriate sequmces or direct 
chranical synthesis by m^ods such as the phoq)hotriester m^od of Natang et al, Meth. 
Enzymol. 68: 90-99 (1979); the phosphodiester method of Brown et al. . Meth. Enzymol. 
68: 109-151 (1979); the diethylphosphoramidite method of Beaucage et al.. Tetra. Lett. , 
22: 1859-1862 (1981); and the solid support method of U.S. Patent No. 4,458,066, aU 
incorporated by reference herein. 

CteaoE^ syssatessos ptujSiEsgs a smgls sismSsd oMgesisisllgsJidle. "Ws may 

sequence, or by polymerization with a DNA polymerase using the single strand as a 



in 
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template. One of skill would recognize that while chemical synthesis of DNA is limited 
to sequences of about 100 bases, longer sequences may be obtained by the ligation of 
shorter sequences. 

Alternatively, subsequences may be cloned and the af^rapriate 
subsequences cleaved using appn^riate restriction enzymes. The fragments may then be 
ligated to produce the desired DNA sequence. 

In a preferred embodiment, DNA encoding fusion proteins of the present 
invention may be cloned using DNA amplification methods such as polymerase chain 
reaction (PGR). Thus, for example, in a preferred embodiment, B1(V„)R44C DNA was 
. •u<.|<w.t^, ujuig |/iuiius uui i.ic<uc a iK^juuc unjcer (ouuu^) at uie 5' end of 
along with a Bam HI, and another peptide linker (e.^.KASGGPE) at the 3' end along 
with a Hindm restriction site. The resulting DNA was then used to replace domain lb of 
PE37 (pDF,) by site directed mutagenesis to make pCTK104 encoding 
B1(V„R44C)PE33. 

15 While the two molecules are preferably essentially directly joined together, 

one of skill will aiq)reciate that the molecules may be sq}arated by a pepdda spacer 
consisting of one or more amino adds. Generally the spacer will have no specific 
biological activity other than to join the proteins or to preserve some minimum distance 
or other spatial relationship between thran. However, the constituent amino acids of the 

20 spacer may be selected to influence some property of the molecule such as the folding, 
net charge, or hydrophobicity. 

Proteins of the invention can be expressed in a variety of host cells, 
including E. coU, and other bacterial hosts. The recombinant protein gene will be 
operably linked to appropriate expression control sequences for each host. For E. coU 

25 this includes a promoter such as the T7, trp, tac. lac or lambda promoters, a ribosome 
binding site, and preferably a transcription termination signal. For eukaiyotic cells, the 
control sequences will inchide a promoter and preferably an enhancer derived from 
immunoglobulin genes, SV40, cytomegalovirus, «c., and a polyadenylation sequrace, 
and may include splice donor and accqjtor sequences. The plasmids of the invention can 

30 be transferred mto the cfeossjj feosi c@Il by wdl-kHowm mi^ods wm\ as salcinsm cMoirids 

mammaUan cells. Cells Eransfonned by tfe© plasmids caa bs sel^tM by s^istance so 
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antibiotics conferred by genes contained on the plasmids, such as the amp. gpt, neo and 
kyg genes. 

M^ods for expressing polypeptides and/or refolding to an appropriate 
folded fonn, including disulfide-stabilized binding agents and immunotoxins from 
bacteria such as E. coli have been described, are well-known and are ^^licable to the 
polyp^)tides of this invention. See, Buchner et ed. , Anafyrical Biochemisny 205:263-270 
(1992); Pluckthun, Biotechnology, 9:545 (1991); Huse, etal.. Science, 246:1275 (1989) 
and Ward, et al., Namre, 341:544 (1989)). 

Often, functional protein from E. coli or other bacteria is generated from 
inclusion bodies and requires the solubilization of the protein using strong dmaturants, 
and subsequent refolding. In the solubilization step, a reducing agent must be presoit to 
dissolve disulfide bonds as is well-known in the art. An exemplary Iniffer with a 
reducing agent is: 0.1 M Tris, pH8, 6M guanidine, 2 mM EDTA, 0.3 M DTE 
(dithic^rythritol). Reoxidation of protein disulfide bonds can be effectively catalyzed in 
the presence of low molecular weight thiol reagents in reduced and oxidized form, as 
described in Saxena et al.. Biochemistry 9: 5015-5021 (1970), and especially described 
by Buchner, et al., Anal. Biochem., supra (1992). 

Renaturation is typically accomplished by dilution (e.g. l(X)-fold) of the 
denatured and reduced protein into refolding buffer. An exemplary buffer is 0.1 M Tris, 
pH8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), and 2 mM EDTA. 

In a preferred modification to the single chain antibody protocol, the heavy 
and light chain regions of the disulfide-stabilized binding agent were sq}aTately 
solubilized and reduced and then combined in the refolding solution. A preferred yield is 
obtained when these two proteins are mixed in a molar ratio such that a molar excess of 
one protein over the other does not exceed a 5 fold excess. 

It is desirable to add excess oxidized glutathione or other oxidizing low 
molecular weight compounds to the refolding solution after the redox-shuffling is 
completed. Alternatively, the final oxidation could be omitted and the refolding carried 
out atpH 9.5. 

Ckce e^msssd, te iresombmanit pscjeiias cam bs pusifisiS accoMiag so 
s?2Efeiid pinsssdaisBS of Jfes ait, iEstednag aMmomiEi sulirase ipEesipteiSiiffl, affimitty 
columns, column chromatography, mA Sks Sifis {see, gemerally, Scopes, Protein 
Purification, Springer- Verlag, N.Y. (1982) and Deutscher, M.P. Methods in Enzymology 
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Vol. 182: Guide to Protein Purification, Acarianic Press, Inc. N.Y. (1990)). In a 
preferred ^bodiinent, folded dlsuMde-stabilized and immunotoxins are purified by 
sequential ion exchange (Q-Sqjharose ami Mono Q) followed by size occlusion 
chromatography on a TSK G3000SW (Toso Haas) column. Substantially pure 
5 compositions of at least about 90 to 95% homograieity are preferred, and 98 to 99% or 
more homograeity are most preferred for phannacoitical uses. Once purified, paitially 
or to homogeneity as desired, the polypqjtides should be substaittially ftee of endotoxin 
for pbannaceutical puiposes and may thai be used tbnapmtically. 



10 ly. Bindine Afflnttv of dsPv Polvpentid«8. 

The immunotoxins of this invoidon are cq>able of q)eciiically binding a 
target molecule. For this invention, a polypqptide qiecifically binding a ligand graerally 
refers to a molecule cq>able of reacting with or otherwise recognizing or biiuling a 
maiker {e.g. antigwi or recqjtor) on a target cell. An antibody or othw polypqnide has 

15 binding affinity for a ligand or is specific for a ligand if the antibody or peptide binds or 
is capable of binding the ligand as measured or d^nmined by standard antibody-antigen 
or ligand-receptor assays, for example, competitive assays, saturation assays, or standard 
immunoassays such as ELISA or RIA. This definition of q)ecif!city ^lles to single 
heavy and/or light chains, CDRs, fusion proteins or fragments of heavy and/or light 

20 chains, that are specific for the ligand if they bind the ligand alone or in combination. 

In competition assays the ability of an antibody or pqnide fragment to bind 
a target molecule is determined by detecting the ability of the peptide to compete with 
the binding of a compound known to the target molecule. Numerous types of 
competitive assays are known and are discussed herein. Alternatively, assays that 

25 measure binding of a test compound in the absence of an inhibitor may also be used. 

For instance, the ability of a molecule or other compound to bind the target molecule can 
be detected by labelling the molecule of interest directly or the molecule be unlabelled 
and d^ected indirectly using various sandwich assay formats. Numerous types of 
binding assays such as corap^itive binding assays are known {see, e.g., U.S. Patent Nos. 

30 3,376,110, 4,016,043, and Harlow and Lans, Antibodies: A Laboratory Manml, CoM 
SipifisDg Hainbjsir Fiafelifi^i&aiij, Kf.Y. Assays fc msisisssimQig MsdMig of a iie^ 

compound to one component aloKe rathsr tfaaa usmg a scaipstitioa assay are also 
available. For instance, immunoglobulin polypeptides can be used to identify the 
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presence of the binding ligand. Standard procedures for monoclonal antibody assays, 
such as ELISA, may be used {see, Harlow and Lane, siq)ra). For a review of various 
signal producing systems which may be us«l, see, U.S. Patrat No. 4,391,904. 

5 V. Pharmaceutical Compositions. 

The recombinant fiision proteins and pharmaceutical compositions of this 
invention are {uuticulariy useful for paraiteral administration, aich as intravemnis 
administration or administration into a body cavity or lumen of an organ. The 
compositions for administration will commonly comprise a solution of the PE molecule 

10 fusion protein dissolved in a phaimaceutically accqptable carrier, preferably an aqueous 
carrier. A variety of aqueous carriers can be used, e.g. , buffered saline and the like. 
These solutions are sterile and generally free of undesirable matter. These compositions 
may be sterilized by conventional, well known sterilization techniques. The 
compositions may contain pharmaceutically accqjtabie auxiliary substances as required to 

IS approximate physiological conditions such as pH adjusting and buffering agents, toxicity 
adjusting agents and the like, for example, sodium acetate, sodium chloride, potassium 
chloride, calcium chloride, sodium lactate and the lil». The concentration of fusion 
protein in these foimulations can vary widely, and will be selected primarily based on 
fluid volumes, viscosities, body weight and the like in accordance with the particular 

20 mode of administration selected and the patient's needs. 

Thus, a typical pharmaceutical composition for intravenous administration 
would be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg 
per patient per day may be used, paiticulaily when the diug is administered to a secluded 
site and not into the blood stream, such as imo a body cavity or into a lumen of an 

25 organ. Actual methods for prqjaring parenterally administrable compositions will be 
known or vppascox. to those skilled in the art and are described in more d^ail in such 
publications as Remington's Pharmaceurical Science, 15th ed., Mack Publishing 
Company, Easton, Pennsylvania (1980). 

The compositions containing the present fusion proteins or a cocktail 

30 thereof (i.e., with other proteins) can be administered for therapeutic treatments. In 
ftesajsjiSne apjiUfKiSEoas, sca2[p®si2Liiai§ ass cdkoMsisssd so a pcfesi ssiSfgiaiiijg ^mm a 
sMs^s, m mi mmwi mMcisM. E® cm® oir as Esast paittaly amies^ iffltg disuse aad Ms 
complications. An amoum adequate to accomplish this is defined as a "therapeutically 
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effective dose." Amounts effective for this use will dqiend upon the severity of the 
disease and the general state of the patient's health. 

Single or multiple administrations of the compositioiis may be administered 
dq}ending on the dosage and frequency as required and tolerated by the patient. In any 

5 event, the composition should provide a sufficient quantity of the proteins of this 
invention to effectively treat the patioit. 

Among various uses of the recombinant fusion proteins of the present 
invention are included a variety of disease conditions caused by specific human cells that 
may be eliminated by the toxic action of the protein. One preferred qjplication is the 

10 treatment of cancer, such as by the use of immunotoxins comprising disulfide-stabilized 
binding agents that specifically target and bind tumor maiicers. Such binding agrats 
include antibodies that bind antigens (maiicers) found on cancer cells. Such taigm are 
well known to those of skill in the art and include, but are not limits to 
carcinoembryonic antigen (CEA), the transferrin receptor (targeted by TGFa), 

IS P-glycoprotein, c-eibB2 (targ^ed by e23), Lewis^ carbohydrate antigens (targeted by Bl, 
B3, B5, BR96, etc.) and antigens described in the Abstracts of the 'niird International 
Conference on Monoclonal Antibody Immunoconjugates for Cancer (San Diego, CA 
1988). 

Other plications include the treatment of autoimmune conditions such as 
20 graft-versus-host disease, organ transplant rejection, type I diabetes, multiple sclerosis, 

riieumatoid arthritis, systemic lupus erythematosus, myasthenia gravis and the like caused 
by T and B cells. The fusion proteins may also be used in vitro, for example, in the 
elimination of harmful cells from bone manow before transplant. The ligand binding 
agent portion of the fusion protein is chosen according to the intended use. Proteins on 
25 the membranes of T cells that may serve as targ^ for the binding agrat include CD2 
(Tl 1), CD3, CD4 and CDS. Proteins found predominantly on B cells that might serve 
as targets include CDIO (CAULA antigen), CD19 and CD20. CD4S is a possible target 
that occurs broadly on lymphoid cells. These and other possible target lymphocyte 
antigens for the binding agent are described in Leucocyte Typing III, A.J. M cMichael, 
30 ed., OjdfoiPdl Umnvsmcy Foisss, 1987. 

Hoss sMled ira te m wffl ss^mq tea HgaEd teiiEsfcg agisats may lbs 
cihosen ilhat bind lo lecqj^ors expressed oa still other types of cells as describe atove, 
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for example, membrane glycqnoteins or growth faoor or honnone receptors such as 
epidermal growth factor receptor and the like. 

VI. TranstKirt of Antibodies into the Cvtosoi. 
S In another ^bodiment, this invention provides compositions and m^hods 

for transpoiting antibodies into the cyto»>l of tl^ cell. The antibodies thus transported 
may be selected to bind to particular intracellular componoits (e.g. particular proteins in 
signal transduction systems, cytoskeletal clients, paitioilar target RNAs, ami the like). 
The bound antibodies can inhibit the normal activity of the taigtt molecule and can thus 
10 be used to selectively "knock out" particular intraceUular fimc^ons. Dep&a^g on the 
antibody target this may prove cytotoxic, or may simply alter the activity of the cdl. 

Thus, for example, in one embodiment, the antibody Vh or may 
specifically bind and inhibit an RNA transcription product of an onct^ene, thus 
prevailing transformation of die target cell. Altemativdy, the antibody may simply act 
IS as a label for d^ection of the particular intracellular compomnt to which it binds. 

Compositions for the intracellular delivery of the antibody are preferably 
fusion proteins formed by joining a Pseudomonas exotoxin to an antibody fragment, 
more preferably to a Vh or a antibody fragment. The Pseudomonas exotoxin is 
preferably truncated, but still includes a functional translocation domain (domain II). 
20 In a preferred embodiment, the antibody is located in domain II or III of 

the PE. Domain m, having the ADP ribosylation activity must be inactivated {e.g., by 
truncation, insertion of a foreign pq}tide sequence, or through comply elimination of 
domain) so that only antibody binding effects are manifested. 

In a particularly preferred embodiment, the antibody variable domain, 
25 either heavy or light chain, should be located in domain n or m of a truncated PE which 
does not require proteolytic activation. Thus, for example, in B1(Vh)PE33, or 
PE35/e23(VH)KDEL, the Vh insert is not removed by proteolysis, but is translocated 
along with domain II and m of PE. 
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The following examples are offered to iUu^iate, but not to limit the 
present invention. 

Example 1 

5 Preparation a nd Testing of Bl(dsFv>-PE33. 

Monoclonal antibody^ (MAb) Bl is a murine antibody directed against 
Lewis' (Le^) and reJated carbohydrate antigras which are abundant on the surface of 
many carcinomas (Pastan et al.. Cancer Res. 51, 3781-3787 (1991)). MAb Bl has been 
used to make both single-chain and disulfide-stabilized Fv immunotoxins (Pastan et aL , 

lU uancer Kes. 3l, j/oi-j/o/ ^lywi;, Dcnnstr, o tu., f-roi. xvi^., /. uw-uu 

and Benhar al, CUn. Cancer. Res., 1: 1023-1029 (1995)). These agrats are capable of 
causing complete regressions of established xenografts in nude mice. 

To achieve the goal of developing a recombinant immunotoxin that is 
small, stable and does ik^ need prmeolytic processing, domain lb (amino acids 365-394) 

IS of PE37 (a truncated form of PE [residues 280 through 613] that only contains the 

portion of the toxin that undergoes translocation to the cytosol) was r^laced with the V„ 
fragment of MAb Bl linked to the Vt, domain with a disulfide bond (Fig. 1). As 
illustrated herein, the resulting molecule, Bl(dsFv)-PE33 is more active than any 
previous MAb Bl containing immunotoxins. 

20 

A> Construction of nlasmids for expression of Bl(dsFv)-PE33. 

In order to construct an active recombinant immunotoxin that was smaller 
than the current generation of recombinant immunotoxins and that did not need 
intracellular proteolytic cleavage for activation, the antibody fragment Bl(dsPv) was 

25 inserted between domains n and m of a Pseudomonas exotoxin. This was accomplished 
by substituting Bl(dsFv) for domain lb of PE37, a truncated form of PE that contains 
only the {Mition of the toxin that undergoes translocation to the cytosol. In particular, 
B1(Vh)R44C was inserted after amino acid 364 of PE and the insert was preceded by a 
small flexible peptide linker GGGGS. Following the Vh domain was another pq}tide, 

30 KASGGPE (C3 ccauasstor) pimknffiaam QSid., Pmt. Nml. Acad. Sd. USA, 89: 3075- 
3^9 {1932}}, cuamscSkg te ^ii&Eisyl tteffsiliriis off m smMn 395 off te 
Pseudomonas exotoxin. 
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As shown in Figure 1 , the domain replaced amino acids 365 to 394 of 
PH37 and the domain was connected to the Vh domain by a disulficfe bond engineer^ 
into the firamewoik region, with cysteines introduced at position 44 of the and 
position 105 of Vl (Brinkmann aaL. Proc. NatL Acad. Sd. USA, 90: 7538-7542 
(1993)). The resulting recombinant inununotoxin, termed Bl(dsFv)-PE33, is 5 kDa 
smaller than Bl(dsFv)PE38 or Bl(Fv)-PE38 (Fig.l). In the toxin portion, cysteine 287 
was changed to a serine to reduce the chance of in(x>nect disulfide bond foimadon 
(Theueretal.,y. Urol. 149: 1626-1632 (1993)). 

The construction of plasmids pDFl, which encodes PE37, which starts at 
methionine foUowed by PE amino acids 281-613 (a truncated form of PE that does not 
require proteolytic activation), and pB1VhR44C-PE38 which enco(fes the singleKiomain 
B1(V„)R44C-PE38 immunotoxin have been dracribKl (Thoier aaL, J. Biol. Chem. 267: 
16872-16877 (1992), Benhar et aL Clin. Cancer Res. 1: 1023-1029 (1995)). Sticky 
feet-diiected mutagenesis (Clackson et al., Nucl. Adds Res. 17: 10163-10170 (1989)) 
using uracil-containing pDFl as a template was used to construct the expression plasmid 
encoding for B1(Vh)R44C-PE33, the component of tte intiamoleculaiiy-inseited 
dsFv-immunotoxin. The B1(V„)R44C DNA was PGR amplified using the plasmid 
pBlV^44C-PE58 as a template and oligo primers Cni9 with 5'-pho^horylated 
CT120. The forward PGR piimer CTl 19: 5'-GGCAACGACGAGGC 
CGGCGCGGCCAACGGCGGTGGCQQAICCGAGGTGCAGCTGGTGGAATCTGGA3' 
(Seq. n> No: 1) had sequences that are identical to the DNA encoding for PE residues 
356-364 and a peptide linker GGGGS inserted at the 5' end of Vh and a BamHI site was 
created (underlined). The reverse PGR oligonucleotide primer CT120: 5'-GTCGCCGA 
GGAACTCCGCGCCAGTGGGCTCGGGACCTCCGGAASiCI 
I_TTGC-3' (Seq. ID No: 2) and sequences that arc complementary to the DNA 
encoding for PE residues 395-403 and a Fv-toxin junction (connector) in^rted at the 3' 
end of Vh and a HindDI site was created (underlined). 

The PGR product was purified and aimealed to a uracil-containing 
single-stranded DNA prepared by the rescue of pDFl phagemid with an M13K07 helper 
phage (Bio-Rad). The DNA was extended and ligated according to the MUTA-GENE 
mm^m:^ Ms (OSis-SM). Issamss CEaia&g eMsisEsy ®f IFCII fcigiiisM so 
siagls-ssiiHdsd templaie aad miiageaesis efficisaqf wss© tow (- MfS), DNA 
IKwl used in the mutagenesis reaction was digested with a restriction endonuclease which 
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cuts an unique site in domain lb region but not in B1(Vh). This extra digestion sxep 
increased the mutagenesis efficiency to more than 50%. 

Correct clones were identified by DNA reaction analysis and verified by 
DNA sequencing. The resulting immunotoxin clone was named pBl(V„)R44C-PE33 or 
S pCTX104, which encodes a single-domain B1(V,() immunotoxin in which the domain 
is replaced for the domain lb region (amino acids 365 to 394) of PE37. The plasmid 
PBIVlAIOSCSTOP encodes B1(VJA105C, which is a componrat of dsFv-immunotoxin 
as described previously (Benhar, et al. Clin. Cancer Res.. 1: 1023-1029 (1995)). 



The components of the disulfide-^bilized immunotoxins 
B1(V„)R44C-PE38. B1(V„)R44C-PE33, B1(Vl)A105C, or single-chain immunotoxin 
Bl(Fv)-PE38 were expressed in sq>arate E. coli BL21(XDE3) (Studier,« al.. J. Mol. 
BioL, 189: 113-130 (1986)) cultures harboring the corresponding expression plasmid. 

15 All recombinant proteins accumulated in inclusion bodies. Disulfide stabilized 

immunotoxins were obtained by mixing equimolar amounts of solubilized and reduced 
inclusion bodies essentially as described (Reiter et al., Cancer Res.. 54: 2714-2718 
(1994)), except that the final oxidation step was omitted and refolding was carried out at 
pH 9.5. Properly folded disulfide-stabilized and single-chain immunotoxins were 

20 purified by sequential ion exchange (Q-Sepharose and Mono Q) followed by size 
exclusion chromatography on a TSK G30(X)SW (Toso Haas) column. 

The proteins obtained were over 95 % homogeneous and had the expected 
molecular mass of 59 kDa on SDS-PAGE. In the pre^nce of the reducing agent 
B-mercaptoethanol, the dsFv-immunotoxin, Bl(dsFv)-P03, was reduced into two 

25 species; one is B1(VL105C) and the other is B1(V„)-PE33. The apparent molecular 

weights of these components are 13 kDa and 46 kDa, respectively. Hie single-domain 
B1(Vh)-PE33 immunotoxin was also made and purified. The yield of either 
Bl(dsFv)-PE33 or B1(V„)-PE33 was 8-10% of the protein present in inclusion bodies. 



30 Q Cvftipy:(BK?lc. ^w^Wtij»lJBJIIiitsEg]bPE33JtP,gW^-BI^ 

Tks sySc^OK£S% off ®Il(dsFv)-F1^3 was d^mmMM by EirasiaimsBg Efes 
psdocrioa m its sscoiporatioiH of f H)-leuciEe by varioas human cancer ceE lines after 
treatment with immunotoxin (Kuan et al. J. Biol. Chem.. 269: 7610-7616 (1994)). 
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Bl(dsFv)-PE38 and B1(V„)-PE33 (no Ught chain) were included for comparison. Table 
1 shows that all three proteins are cytotoxic to cells expressing Bl antigen (e.g. A431, 
MCF7, CRL1739, and LNCaP) but not to cells that do not bind MAb Bl (e.g. L929 and 
HUT102). 
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Table 1. Cytotoxicity of Bl immunotoxins towaid various ceU lines. 

Cytotoxicity' ICjo ng/mJ 

Cell Line^ Cancer type Antigen^ 



A43I 
MCF7 

CRL1739 

LNCaP 

HUT102 

L929 



q}idennoid 

breast 
carcinoma 

gastric 

pro^e 

T-ceU 
Imkemia 

mouse 
fibroblast 



Expression 
+ + + 
+ + + 

+ + + 
+ 



Bl(dsFv)PE38 Bl(dsFv)P33 B1(V„)PE33 



0.5 


0.25 


2.0 


0.9 


0.35 


4.0 


0.4 


0.31 


N.D.* 


7.0 


1.3 


N.D.* 


>1000 


>1000 


>1000 


>1000 


>1000 


>1000 



' Cytotoxicity data are given as IC„ values, where IQ, is the concentration of 
' All of the ceU lines except L929 are of toiMii origin 

exp^JoTJL^:^" - - ^'^B. mcdin. and „o detecbte 

*' Not determined. 



In this assay. Bl(dsFv)-PE33 had an IC„ of 0.25 ng/ml on A431 cells and 
0.35 ng/ml on MCF7 cells. Bl(dsFv)-PE33 was more active to aU antigen-positive ceU 
lines in this smdy than Bl(dsFv)-PE38 which requires processing proteolysis To 
analyze whether the cytotoxicity of Bl(dsFv)-PE33 was specific, competition experiments 
were earned out with an excess of MAb Bl. 

The resulting data showed that the intoxication of A431 caix:inoma cells by 
Bl(dsFv)-PE33 was due to the qxxific bimling to the Bl antigen, since its cytotoxicity 
was blocked by excess MAb Bl. B1(V„)-PE33 that was not associated with light chain 
was also tested and it proved to be about 10-fold less cytotoxic (IC^ 2 ng/ml on A431 
cells) than Bl(dsFv).PE33 (Table 1) indicating the heavy chain has a large role in antigen 
bmdmg. However, a related single-domain immunotoxin (B3(V„)-PE38) which requires 
proteolytic processing for activation was much less active with mlC^of4Q mg/ml m 
Ami ©slils (^mkmm esA, /. EwmrnmL TH^nwi (11993)). 



10 
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P) Antigen binding of R1MQFvUPt^;< 

To (tannine whether the improved cytotoxicity of Bl(dsFv)-PE33 was 
due to improved binding or some other factor, the antigen binding affinity of Bl(dsFv)- 
PE33 on antigen-positive cells {e.g. , A431 cells) determined by competition assays, in 
which increasing concentrations of each immuiwtoxin competed for the binding of 
('"D-Bl-IgG to A431 cells at 4*C. Bl IgG, Bl(dsFv)-PE38, Bl(dsFv)-PE33 and 
B1(V„)-PE33 competed for the binding of ('"l)-Bl-IgG to A431 cells by 50% at 40 nM. 
2 mM, 3.5 mM, and 25 mM, req)eaively. Thus, the binding affinity of Bl(dsFv)-PE33 
was slightly less than Bl(dsFv).PE38 suggesting that the improved cytotoxicity was not 
due to improved binding, but rather that elimination of the requirement for proteolytic 
activation was responsibte for the improved cytotoxicity. The single-domain 
immunotoxin B1(VH)-PE33 exhibited a 10-fold lower binding affinity relative to the 
dsFv-immunotoxins consistent with its diminished cytotoxicity (Table 1). 

15 E) Stflbllitv of BlfdsFvVPKM 

Thermal stability of the immunotoxins was d«ennined by incubating them 
at 100 iiglm\ in PBS at 37»C for 2 or 8 houis, foUowed by analytical chromatography on 
a TSK G3000SW (Toso Haas) column to sqjarale the monomers from larger aggregates 
(Rciter a al. Protein Eng. , 7: 697-704 (1994)). Relative binding affinities of the 

20 immunotoxins were determined by adding '"l-labeled Bl-IgG to 10* A431 cells as a 

tracer with various concentrations of the competitor. The binding assays were performed 
at 4°C for 2 h in RPMI containing 1 % bovine serum albumin and 50 mM MES (Sigma) 
as described (Batra et al.. Proc. Natl. Acad. Set. USA 89: 5867-5871 (1992)). 

Both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were monomers before 

25 incubation in PBS at 37«C and remained monomeric for 2 or 8 hrs. In contrast, the 

single-chain immunotoxin Bl(Fv)PE38 fonned >60% aggregates after an 8 hr iiKubation 
at 37»C (Table 2, see also ex oi. CUn. Cancer Res., 1: 1023-1029 (1995)). FoUowing 
the 8 hr incubation at 37''C, Bl(dsFv)-PE33 and Bl(dsFv)-PE38 retained almost aU its 
initial cytotoxic activity as before incubation, while Bl(Fv)-PE38 lost 75% of its 

30 cytotoxic activity. Thus, both Bl(dsFv)-PE38 and Bl(dsFv)-PE33 are extremely stable 
m 37°C pEesMma!b!y bsoamiss tey do mz m dsmmim mj& agpegaite as efo te scFV 
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F) Toxidtv and antitumor arfivitv in nnde mj^y, 

The single do» mouse LDjo was doennined using franale BALB-c mice 
(6-8 weeks old -20 gm) which were given a single i.v. injection of differait doses of 
Bl(dsFv)PE38 or Bl(dsFv)PE33 dihitcd in 200 /tl of PBS-HSA. Mice were followed for 
two weeks after injection. Athymic (Nu-Nu) mice, female 6-8 weeks old -20 gm, were 
injected subcutaneously on day 0 with 3 x 10* A431 cells suspended in RPMI medium 
without FBS. By day 5, tumors were about 50 to 70 mm* in size. Mice were treated on 
days 5, 7, and 9 by i.v. injections of diffeient doses of immunotoxins diluted in 
PBS-HSA. Tumors were measured with a caliper and the tumor volumes were calculated 
using the formula: volume = (length) x (width)' x (0.4). 

The LDjo of both immunotoxins was found to be 0.5 mg/kg. The toxicity 
is the same as the LDjo value determined for the BI(Fv)-PE38 as wcU as other anti-Le» 
Fv-immunotoxins (Reiter a al. Cancer Rts. , 54: 2714-27 (1994)). The results show that 
even though the immunotoxin is more active to target cells because it does not require 
proteolytic activation, it is not more toxic to mice. This toxicity in mice is presumed to 
be due to non-specific uptake by the Uver (Keritman etaL. Blood, 83: 426-434 (1994). 

G) Improved antihimnr actlvitv of mfdsFvUPli!^^, 

To determine whether the improved cytotoxicity in vitro is accompanied by 
an increase in antitumor activity, Bl(dsFv)-PE33 and Bl(dsFv)-PE38 were compared by 
assessing their ability to cause regressions of estabUshed human carcinoma xenografts in 
nude mice. Nude mice received 3 x 10* A431 cells subcutaneously on day 0. Rvc days 
later, when tumors averaged 50-70 mm' in vohime. the mice were treated with thrtse i.v. 
injecUons on days 5, 7, and 9 of various doses of immunotoxin. ContrDl mice were 
treated with PBS-HSA only. 

As shown in Figure 4, both immunotoxins demonstrated significant 
dose-dq)endent anti-tumor activity. Bl(dsFv)-PE38 caused only partial regression of 
A431 tumors at the 6.5 Mg/kg (100 pmole/kg) dose level, whereas Bl(dsFv)-PE33 at the 
same 100 pmole/kg (6 /xg/kg) dose caused complete disappearance of the tumors (Fig. 
4). Furthermore, the tumors treated with 200 pmole/kg (13 ^ig^sg) Bl(dsFv)-Pm8 
ESgBBsssii! cojiEpSsteSy afe? iffiiM jajsgsmi hrM. iregssw mtMsa a few feys -sflksresis 200 
psBole/kg BI(dsFv)-FS3 caused complete iregressioiis ihM lasted over oiis month in S 
out of 5 animals. These results indicate that Bl(dsFv)-PE33 has significantly better 
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antitumor activity than Bl(dsFv)-PE38. Hence, the improved cytotoxicity in vitro 
correlates with the improved antitumor activity in animals. 

Since both Bl(dsFv)-PE33 and Bl(dsFv)-PE38 have the same toxicity in 
mice, the PE33 version has a larger therap«itic window. The effective dose causing 
5 complete remissions in nude mice is 2.5% of the mouse LDso- This makes 

Bl(dsFv)-PE33 a good candidate for clinical development as an anti-cancer agent. The 
improved antitumor activity of Bl(dsFv)-PE33 over Bl(dsFv)-PE38 is a consequwice of 
better cytotoxicity in vitro, due to lade of a requirnnrait for proteolytic activation and 
smaller size for better tumor pen^ration. Since ttw efficiraicy of proteolytic activation 
10 can vary in different types of cells, this new type of recombinant inmjunotoxin will prove 
more useful than the previous generation of molecules which require proteolytic 
activation. 

In the foregoing experiments, the Bl dsFv fragmrat was inseited between 
the translocation domain and ADP-ribosylation domain of PE, rq>lacing domain lb. In 

IS fact, it is also possible to delete a poition of domain n (amino acids 343-364) without 
loss of activity. In addition, analyses of the pressed structure of Bl(dsFv)PE33 using 
computer graphics shows that the domain lb region is a good location for insertion of 
dsFv fragment because the CDRs should still be free to interact with antigen. The 
results in the foregoing experiments indicate that the presence of Bl(dsFv) in this region 

20 only minimally affected antigen binding to A431 cells. 



Example 2 

Preparation and Testing of PE35/e23fdsFv>KT>KT. 
In order to constiua an active recombinant immunotoxin that was smaller 
25 ttan the current generation of recombinant immunotoxins and that did not need 

intracellular proteolytic cleavage for activation the e23(dsFv) antibody fragment was 
inseited near the caiboxyl terminus of PE35KDEL, a truncated form of PE that contains 
only the poition of the toxin that undergoes translocation to the cytosol (Fig. 2). 

30 A) Construction of plasmids. 

Ml ipLasaniEdls Emi m Fipss 3 mss m fes;p5®pyM-;M®-3-ID>- 

Biol. 189, 113-130 (1986)). Plasmid pCT12 encodes for a protein, tenned 
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PE35/TGFaKDEL, stalling with a at position 280 of PE and amino acids 281 to 
364 and 381 to 607 with a gene encoding TGFa inserted betwera amino acids 607 and 
604 of PE, and the amino acids KDEL are substituted for the caiboxyl-tenninal REDLK 
sequence of PE (Theuer a al., J. Urol., 149: 1626-1632 (1993)). Plasmid pYR39, 
5 oicoding e23(VHCySu)-PE38KDEL, is the expression plasmid for the V|,-Toxin 

components of the dsFv-immunotoxin e23(dsFv)-PE38KDEL (Reiter etal,,J. Biol 
Otem., 269: 18327-18331 (1994)). Plasmids pCTKlOl and pCIK103 encoding 
PE35/e23(VHCys44)KDEL and PE3S/e23(VH Cys^^ are the expression plasmids for the 
Toxin- Vh components of the dsFv-immunotoxin FE/e23(dsFv)KDEL. Ttey were 

10 construct^ by cloning tte StuI-EcoHI diy^tcd PCR fisgmsnts into StuI-EcoPJ 

restriction sites in pcn2. The PCR reactions were carried out using 10 ng of pYR39 as 
template and 100 pmoles of primers S'-AAACCGAGGCCTTCCGGAGGTGGTGG 
ATCCGAAGTGCAGCTGCAGGAGTCAGGA-3' (Seq. ED No: 3) and S'-TTAGCA 
GCCGAATTCTTAGAGCTCGTCTrrCGGCGGTTTGCCGGAGGAGACGGTGACCGT 

15 GGTCCCTG-3' (Seq ID No: 4) for PE35/e23(V„CyS44)KDfiL or 5'-AAACCGA 

GGCCTrCCGGAGGTGGTGGATCCGAAGTGCAGCTGCAGGAGTCAGGA-3' (Seq. 
ID No: 5) and 5'-GATCGCTCGGAATTCTTAGGAGACGGTGACCGTGGTC 
CCTGC-3' (Seq. ID 6) for PE35/c23(V„ Cys4*). The protein encoded by pCTKlOl is a 
single-domain immunotoxin in which e2i(V» Cys44) was introduced between residue 607 

20 of PE followed by a pq>tide linker SGGGGS and residue 604 to 608 and KDEL. The 
protein encoded by pCTK103 was the same as pCTKlOl encoded protein excqjt without 
amino acid 604 to 608 and KDEL. 

Plasmid pYR40 mcodes e23(VL Cys^), the component of the 
dsFv-inmiunotoxin (Reiter et ai, J. Biol. Chem. 269, 18327-18331 (1994)), while 

25 pCTK102 encodes e23(VL Cys,,) fused to PE amino acids 604-608 and caiboxyl terminal 
sequences KDEL. This plasmid was con^iucted by subcloning a Ndel-EcoRI digmed 
PCR product, which used pYR40 as template and T7 promoter primer as well as 
5*-TrAGCAGCCGAATTCTTAGAGCTCGTCnTCGGCGGTTTGCCGGAGGAGACG 
GTGACCGTGGTCCCTG-3' (Seq. ID No: 7) as primers, into Ndel-EcoRI restriction 

30 sites found in pYR40. Positions of cyst^e r^lacement in framework legion of e23(Fv) 
sure Asffl"^ - > Cys m aadl Gly^ - > Cys m Vg. ^eim dlsssiriM pngrooaisly (Seateir 
al., J. Mol. Chem. 269: lE327-ie331 (1994)). Al plasmids wem ©onfemed by DMA 
sequencing. 
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The Vh rather than the was inseited near tl» caiboxyl terminus of 
PE3SKDEL. since PE35/e23(VH)KDEL (unattachwl to VJ is less soluble and more 
likely to precipitate than Pm5/e23(Vi)KDEL not attached to V„ (Brinkmann et al.. J. 
Immunol., 150: 2774-2782 (1^3); Reiter a al., Biochem., 33: 5451-5459 (1994)). Tlie 

5 disulfide bond forms between cysteines introduced at position 44 of the V„ and position 
99 of Vl (Reiter et al.. J. Biol. Chem.. 269: 18327-18331 (1994)). In the toxin portion, 
cysteine 287 was changed to a serine to reduce the chance of incorrect disulfide bond 
formation (Theuer aoL.J. Urol., 149: 1626-1632 (1993); Fig. 2). The location chosen 
for e23 (V^Cys^t) insertion was after amiiM> acid 607 of PE and it was preceded by a 

10 small pq)tide linker SGGGGS. Following the Vh domain are amino acids 604-608 and 
KDEL (Rg. 1). A diagram of this molecule, PE35/e23(dsFv)KDEL (I) is shown in 
Figures 2 and 3. 

B) Production of recombinant nrotrins. 

IS The compomnts of the disulfide-stabilized immunotoxins PE35/e23(VH 

Cys««)KDEL, PE35/e23(VH Cys,*), e23(V„ Cys44)-PE38KDEL, e23(VL Cys„), and 
e23(Vj, Cysn)KDEL or single-chain immunotoxins were produced in sepaxaxit E. coU 
BL21(1DE3) (Studier & Moffatt. J. Mol. BioL, 189: 113-130 (1986)) culmres harboring 
the corresponding expression plasmid {See Figure 3). AU recombinant proteins 

20 accumulated in inclusion bodies. Properiy folded disulflde stabilized immunotoxins 

were obtained by mixing equimolar amounts of solubilized and reduced inclusion bodies 
essentially as described (Reiter et al.. Cancer Res.. 54: 2714-2718 (1994)), exc^ that 
the final oxidation stq) was omitted and refolding was carried out at pH 9.5. 

As shown in Figure 3, PE3S/e23(dsFv)KDEL (I) was produced by mixing 

25 PB35-e23(V„ Cys4«)KDEL and e23(VL Cys„); PE35/e23(dsFv)KDEL (II) was produced 
by mbdng PE35-e23(V„ Cysa) and e23(VL Cys„)KDEL; PE35/e23(dsFv)KDEL (HI) was 
produced by mixing PE35-e23(V„ Cys44)KDEL and e23(VL Cys„)KDEL; 
PE35/e23(dsFv) (IV) was produced by mixing PE35-e23(V„ Cys44) and e23(VL Cys99). 
The immunotoxins were purified by refolding of inclusion bodies in a redox-shufFIing 

30 buffer. Properly folded disulfide-stabilized and single-chain inununotoxins were purified 

cliMiiiasogsapIliiy cia a fSK G3COTSW (Toso ISaas) ooflMsii. 
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The proteins obtained wens over 95% homogeneous and had the expected 
molecular mass on SDS-PAGE (60 kDa). In the pres«ice of the reducing agent 
b-mereaptoethanol, the dsFv-immunotoxin. PE35/e23(dsFv)KDEL (I) was reduced into 
two species; one was e23(VLCys„) and the other was a single-domain toxin PE35/e23(V„ 
Cys44)KDEL. The apparent molecular weights of these components was, as expected. 13 
kDa and 47 kDa. respectively. 

O SlWrifiC CYtOtWriC iKtiYitY of PE3S/e2.1fd^Fv)KnKT. t^ ^rd e23-anrt^ m^ 
eroressing cell lines. 

The cytotoxicity of PE35/e23(dsFv)KDEL was detennined by measuring 
the reduction in the incorporation of pH]-lcucine by various human cancer celllines after 
treatment with serial dilutions of the immunotoxin in PBS containing 0.2% HSA as 
described previously (Kuan aaL.J. BtoL Chem., 269: 7610-7616 (1994)). 
e23(scFv)-PE38KDEL and e23(dsFv>PE38KDEL were included for comparison. Table 
2 shows that a comparison of the activity of the immunotoxin PE35-e23(dsFv)KDEL (I) 
and the other two reference molecules, e23(scFv)-PE38KDEL and 
e23(dsFv)-PE38KDEL. indicates that all three proteins are cytotoxic to cells expressing 

Table 2. Cytotoxicity of e23 immunotoxins towards various cell lines. 

Cytotoxicity' IQong/ml 
Cell Line Cancer type Antigerf e23(scFv) e23(dsFv) PE35/e23 

Expression PE38KDEL PE38KDEL (dsFv)KDEL 

(D 

N-87 gastric o.5 o.I 0 8 

A431 q>ideTmoid + 2.9 i o 30 

Hutl02W leukemia - >iooo >iooo >iooo 

' Cytotoxicity data are given as IC„ values, where IC„ is the concentration of 
unmunotoxin that causes a 50% inhibition of protein synthesis after a 20 hour incubation 
with the unmunotoxin. ^.uuauuii 

The level of antigen is mariced -»"f-»-. -I- and - for stirong. medium and no detecteble 
expression respectively. ««=^uiuic 

eiabIB2 (e.g. MS7 Am) te edS to ©sis (@.g. HUT-ECg) teJ (db mi W MAIb e23 
(Table 2). to this assay. Pm5/e23(dsFv)KDEL(I) had aa IC^o of 0.8 ng/ml on N87 
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cells. Although its activity is less than the two other molecules ac„ of 0.5 ng/ml for 
e23(scFv)-PE38KDEL and 0.1 ng/ml for e23(dsFv)-PE38KDEL), it is still extremely 
active. 

P) ftnorpved stabilttv of immiinfft n ^n l*ra% ?? fdsFVlimTq^ ff ), 

Thermal stability of the immunotoxins was determined by incubating them 
at 100 ,g/ml in PBS at BTt: for 2 or 8 hours, followed by analytical chromatography on 
a TSK G3000SW (Toso Haas) column to sq^te the monomers fiom dimer. and larger 
aggregates. PE35/e23(dsFv)KDEL (1) was a monomer before incubation in PBS at 37«t: 

'^'^'^J^^^^^'^^'^^' I„ contrast, the single^hain immunotoxin 
e23(Fv)PE„u.ni- formed 30% aggregates and 25% dimers after an 8 h incubation at 
37-C. FoUowing the 8 h STX: treatment. PB35/e23(dsFv)KDEL (1) retained ahnost the 
same cytotoxic activity as before treatmem. while e23(Fv)PE38KDEL had an IQo of 3 1 
ng/ml on N-87 cells, which is only 16% of its cytotoxic activity before treatment TTds 
result indicates that the purified PE35/e23(dsFv)KDEL like e23(dsFv)-PE38KDEL 
(Reiter « ai. Protein Eng., 7: 697-704 (1994)) is very stable and has a low pmpensity 
to aggregate. 



E) AntietP-btniling analysis of PF3.v«>2^f^ f f i iV)KnKT. n> . 

To investigate the reason for the decreased cytotoxicity of 
PE35/e23(dsFv)KDEL (1), its antigen binding affinity on antigen-positive ceUs {e.g N87 
ceUs) was analyzed by competition assays in which increasing concentrations of each 
immunotoxin were present to compete for the binding of ['^-e23-IgG to ^f87 cells at 
4«C. Tbc e23 IgG. e23(dsFv)-PE38KDEL, and PE35/e23(dsFv)KDEL competed for the 
binding of ['«I]-e23 IgG to N87 cell by 50% at 4 nM. 140 nM and 500 nM. 
respectively. TTius. the binding affinity of PE35/e23(dsFv)KDEL (I) is 4-fold less than 
e23(dsFv)-PE38KDEL on N87 cells. Hence, the lower cytotoxicity of 
PE35/e23(dsFV)KDEL (1) is associated with a lower binding affinity. As previous 
reported the bivalem e23IgG had a higher apparent affinity than e23(dsFv)PE38KDEL 
■immm^sm (MBkera^., J. Biol. Chem., im-. imi-imi {WM)). 



wo 97/13529 ..^ „ 

PCT/DS96/16327 



43 

ImwrtPnw pf the nosition nf Knm f^r 

In PE35/e23(dsFv)KDEL (1), the KDEL is on the same polypeptide chain 
as the toxin moiety. Tb^ KDEL sequence is considered to mediate transport of the toxin 
moiety of the iraraunotoxin to the ER where it can translocate. To address whether it 
was important to have the KDEL sequence on the C-tennimis of the toxin, or whether it 
could be attached to the C-tenninus of the V, which is attached to V„PE35 by a disulfide 
bond molecules were constnicted having KDEL on instead of the toxin, with 
KDEL on both the V„-ioxin and the V, and with KDEL on neither (Fig. 2). TTiese were 
termed PE35/e23(dsFv)KDEL H-IV (Table 3 and Fig. 2). Table 2 shows that for the 
recombinant toxin to inhibit protein synthesis on target cells, it is 

Table 3. Comparison of four different types of PE35/c23(dsFv)KDEL. 

Construct Activity' Relative bimling'^ 

IC„ (ng/ml) (nM) 
PE35/c23(dsFv)KDEL(D 0.8 500 

PE35/e23(dsFv)KDEL(II) lOQO 400 

PE35/e23(dsFv)KDEL(IV) 1.2 53^ 

PE35/e23(dsFv)(IV) >iooo g,o 

J Cytotoxicity and binding assays were measured on N-87 cell line 
T J?*^"*^''^°." «''°P«itor which caused 50% inhibition of the binding of •«I-e23 
IgG. The composmon of I-IV are shown in Figure 2. 

important to have the KDEL on the same polypq,tide as the toxin moiety. If no KDEL 
is present, toxicity is lost. If KDEL is on the V, domain, cytotoxicity is also lost. Tbc 
presence of KDEL on V, in addition to V„.toxin does not change cytotoxic activity. 
Thus the KDEL sequence must be on the same polypq)tide chain as the toxin. 

Q) Relative binding afffinitiix^, 

Relative binding affinities of the immunotoxins were determined by adding 
'"Mabeled e23lgG to 10* N87 ceUs as a tracer with various concentrations of the 
competitor. The binding assays were performed at 4«C for 2 h in RPMI containing 1 % 

bovks 2smm altamm asri 50 msM MIS (SSgnma) as tedbad (Sto a M. F^. msi 
Amd. Sd. UM. 89: 5W-S07B TafeEs 3 sta tet fa is veiry Ms 

difference i?8 toding aflfiaities among the four molecules. Thus the differences in 
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Wid« be «tribu«d „ o, KDEL «<n«^ 

molecules. ^ 



CYtOtOXtdtv and BlnHi^p 1 ^ ^^^^^^^ 

Uw.. aad ..ated ca^hyd^e anU^ .Hich a. abundant on the suZTlT 
caicmotnas. SeeExampIe 1 for a fuUer description of Lewis^ antigens 

To evaluate tte binding affinities and cytotoxic effect on cancer cells^ 
ammo acids 1-279 of the amino t«m.in„oA.w-^—_- ..... • « wim 

. moouied by inserting variable 

^ ^ U <.o.a„ „. „ a„ ^ ^^^^^^ 

or the B3 unmunotoxins. 



m U» Of fH,.lcudn. b, A43. cdU after «a«ne™ .M, ta»„„„„^ 

(Kmn e,al. J. BloL Oem.. 269: 7610-7616 (1994)). A eompamon of Bl 
ta™»,„o,s (»e Table 1) i„dica»s B,-U,„,„™«^ „ ^ ^ 

ZZ^r' ^ ' '^■^ U^., due in p„ „ 

decreased binding affinity. 

To detenninc lelative binding affinities, increasing concentrations of each 
umnunotoxin competed for the binding of (.«D-B3-IgG (or Bl-IgG for comparison) to 

A431 cells at 4-C for 2 hours in RPMI containing 1% bovine sen.™ , IK • . 

MBQ oc ^ " albumm and 50 mM 

MES as descnbed (Batra .,a/. /Vr,c. ATorV. ^o.^. 5a. t;^^. 89: 58678 (1992)). 
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Table 4. Cytotoxicity and binding of B3-immunotoxins on A431 cells 



Qsnsma 


aCjo ng/nM) 


B3(Fv)-PE38 (LMB7) 


1-1.5 


B3(dsFv)PE38 


1-1.5 


B3(VH)-PE35-(VL) 


110 


B3(VL-PE35-(VH) 


100 


B3(VH)-PE33-(VL) 


5 


B3(VL)-PE33-(VH) 


50 


B3-IgG 





(nM) 

550 
25,000 
> 30,000 
6,000 
30.000 
5.000 
150 



Table 5. Cytotoxicity and binding of B3\Bl-immunotoxins on A431 cells 



Protein 


6^ 
aCjo ng/ml) 


(oM) 


B3(VH)-PE38-(VL) 


1-1.5 


25,000 


B3VH)-PE35-(VL) 


110 


> 30,000 


B3(VL)-PE35-(VH) 


100 


6,000 


B3(VH)-PE33-(VL) 


5 


30.000 


B3(VL)-PE33-(VH) 


50 


5,000 


B3(Fv)-PE38 


1-1.5 


550 


B3-IgG 




150 



Constnitn 

B1(VH)-PE38-(VL) 
B1(VH)-PE33-(VL) 
B1(VH)-PE33 
BMgG 



6m 

aCjo ng/ml) 
0.5 
0.25 
2.0 



(nM) 
2,000 
3,500 
25,000 
40 
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Examnle d 

CYtqtg?ripftY mn^im of e?.Vininiiinntnirin . f on canryf ^ fj^ 
Monoclonal antibody e23 is a murine antibody directed against MbB2 
antigen. See Example 2 for a foUer description of the ert,B2 antigen and the pi^tion 
of e23-immunGtoxins. 

To evahiate the binding affinities and cytotoxic effect on cancer cells. PE with the 
first 279 amino adds at the amino terminus deleted were modified by insmion of 
variable regions of either e23 heavy or Ught chains. lUe insertions were made in the la 
domain or at the carboxyl terminus of domain m. 

A) CvtOtOTiff aCtivitY of e23-immunntmrinc a p glnst i^nr^ ffnrf 

The cytotoxicity of e23-immunotoxins was determined by measuring the reduction 
in the incoiporation of pH]-leucine by MCF7 and N-87 ccHlines after treatment with 
serial dUuUons of the immunotoxins in PBS containing 0.2 96 HSA as described 
previously (Kuan et al. J. BioL Chem., 269: 7610-7616 (1994)). n,e results are shown 
in Table 6. 



B) Bmine affinitiw of p23-lminiinntftvjn i T 

To determine relative binding affinities, increasing concentrations of each 
immunotoxin competed for the binding of («^-e23-IgG to MCF7 and N-87 cells at 4«>C 
for 2 hours in RPMI containing 1 % bovine serum albumin and 50 mM MES as described 
(Batra et al. Prvc. Nat'l. Acad. Sci. USA, 89: 58678 (1992)). The results are shown in 
Table 6. 
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Table*. <^y^^'Mbu^^^^^^^^^ 
aC50ng/ml) nr , 

0.35 i-jn 

e23VL)PE35-(VH) 15 ^5 70 !! 

e23(VL)PE35 2.2 1 goo 

e23(VH)PE33-(VL) 30 320 jO 

e23(VL)PE33-(VH) 25 115 3^ 

e23(VL)PE33 70 k nnn 

5,000 200 i^'jnnn 

e23-IgG > 2,000 



4 



for i"™';';^:^,ru:°S?'^J^l«^ describe, ke„i„ ^ 
WUI be suggested to perion/skilkdta tt^ ^^S^ « changes to light thereof 
purview of a,is appUcalion wi^Tt^^^tZ ■ ^ ""^'"^ "Uuk the spirit and 
and paten, applioUons cited hetS^ hS^*^^"^- publicatiom. patens, 
purposes. wreoy incoiporated by reference for all 
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Sequence Listing 

Sequence ID No: 1 : 
CT119: 

5 ■ -°«:AACaACGAGGCCGGCGCa;CCAiVC«^^ . 

Sequence ID No: 2: 
CT120: 

5 ' -GTCGCCGA <SGAACTCCQaSCaum»GCTX»GGAC^ . 

Sequence ID NO: 3: 

5 • -Aa*ccaAcxw:cTTccaaAGcmKmK»TccaAAGT^^ 3 . 

Sequence ID No: 4 

s; -™««ccGAATTcrrAGACK:Tccm:-rr^ 

5 • -AAACCCa«MCCTTCC(XU«3GTXK?roaATCC^^ , 

Sequence ID No: 6: 

S • -t^TCGCraSGAATKTITAGGAGACGGTXaiCC^ 3 . 

Sequence ID No: 7 

5 . -"*°CAGCCGAATTCTrAaw.CTCGTCriTC«^^ ^ , 
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2 
3 
4 
5 
6 
7 
8 
9 

1 
2 



1 . An iimnunotoxin that binds to target cells comprising a 
Pseudomonas exotoxin (PE) that does not require proteolytic activation for 
cytotoxic activity attached to a variable heavy (V„) chain framework region of 
an Fv antibody ftagmem wherein said variable heavy chain region is bound 
through at least one disulfide bond to a variable Ught (V J chain framewoik 
region and further wherein said Pseudomonas exotoxin is lacking residues 1 
through 279 and is at least 10 fold more cytotoxic to the target cells than an 
immunotoxin comprising PE attached to a V„ chain framewoik region of an Fv 
antibody fragment Ucking a disulfide bond to a chain framework region. 

2. The immunotoxin of claim 1. wherein the variable heavy 
chain region substantially replaces domain lb of said Pseudomonas exotoxin. 



1 3. TTie immunotoxin of claim 1, wherein the variable heavy 

2 chain region is located in the carboxyl terminus of said Pseudomonas exotoxin. 



4. The immunotoxin of claim 1 , wherein an amino terminus of 
the heavy chain region is attached to the PE through a peptide linker. 



1 

2 

• 5. The immunotoxin of claim 4, wherein said peptide linker is 

2 SGGGGS. 



6. Theimmunotoxinofclaiml, wherein a carboxyl terminus of 

2 the heavy chain region is attached to the PE through a peptide linker. 

1 7. The immunotoxin of claim 6, wherein said peptide linker is 

2 KASGGPE. 

^ 8. Tfes MMMEsiioM of elkma i, ^kss&m afes Fv £MMy 

2 fegmsis campmss tea off m mm^y sslssied ^mm gsrop mmlAg of Bl 

3 and e23. 
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9. The immunotoxin of claim 1 having the caiboxyl terminal 
sequence of KDEL. 



10. The immunotoxin of claim 1 . whwin said immunotoxin is 
2 PE35/e23(dsFv)KDEL. 



^ 11. TTic immunotoxin ofclaiml. wherein said immunotoxin is 

2 Bl(dsFv)PE33. 



1 

2 

1 

2 



12. The immunotoxin of claim 1. where in said immunotoxin 
remains monomeric foUowing an incubation at 37»C for 2 hours. 

13. The immunotoxin of claim 1, wherein said immunotoxin 
remains monomeric following an incubation at 37°C for 8 hours. 

14. TTie immunotoxin of claim 1. wherein said immunotoxin 
demonstrated substantial improvement in tumor legression compared to 
immunotoxins comprising the same antibody fragments and requiring pix)teoIytic 
activation to be cytotoxic. 

15. An immunotoxin that binds to target cells comprising a 
Pseudomonas exotoxin (PE) that does not require proteolytic activation for 
cytotoxic activity attached to a variable light (VJ chain ftamewoik region of an 
Fv antibody fragment wherein said variable Ught chain region is bound thrx)ugh 
at least one disulfide bond to a variable heavy (V„) chain framework region and 
further wherein said Pseudomonas exotoxin is lacking residues 1 through 279 
and is at least 10 fold more cytotoxic to the target cells than an immunotoxin 
comprising PE attached to a V, chain framework region of an Fv antibody 
fragment lacking a disulfide bond to a V„ chain ftameworic region. 



aamotoJda of cMm 15, ^ksmm alis vsmbls MgM 
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17. ITie iimnunotoxin of claim 15, wherein the variable light 
chain region is located in the cartwxyl terminus of said Pseudomonas exotoxin. 

18. The immunotoxin of claim 15, wherein an amino terminus of 
the light chain region is attached to the PE through a peptide linker. 

19. The immunotoxin of claim 18, wherein said peptide linker is 

SGGGGS. 



20. The immunotoxin of claim 15. wherein a carboxyl terminus 
of the light chain region is attached to the PE through a peptide linker. 



21. TTie immunotoxin of claim 20, wherein said peptide linker is 

KASGGPE. 



22. The immunotoxin of claim 15, wherein the Fv antitwdy 
fragment comprises that of an antibody selected from the group consisting of Bl 
and e23. 

23. The immunotoxin of claim 15 having the carboxyl terminal 
sequence of KDEL. 

24. A nucleic acid encoding an immunotoxin that binds to target 
cells comprising a heavy chain variable region of an Fv antibody fragment 
attached to a Pseudomonas exotoxin that does not require proteolytic activation 
for cytotoxic activity, said heavy chain variable framewoik region containing 
cysteine residues that form disulfide linkages with a variable Ught chain 
framework region of an Fv fragment, wherein said antibody fragments comprise 
the variable light or variable heavy chains of an antibody selected from the 
group consisting of Bl and e23 wherein said Pseudomonas exotoxin lacks 
residues 1 fcaugh 279 ajEd wtessm te said mmmmBm^ is at m foM 
moss cytotoxic to £fes eels M taiMctoma mmpmmg m aaachsd 
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<o a V„ Chain ft„„ewo* n=gi„„ of an Fv artbody ftagmen, lacld.^ a dhuffide 
bond to a chain frameworic region. 

25. me nucleic acid of claim 24, wherein the heavy chain 
vanable region is substituted for domain lb of said Pseudcmoru:s exotoxin. 

26. The nucleic acid of claim 24. wherein the heavy chain 
variable region is located after reridue 607 of said Pseudomonas exotoxin. 

27. A nucleic acid encoding an immunotoxin that binds to target 

cells cnmni-Seino o i:»u» " 

r - -6- ^uaui vanaoie region of an Fv antibody fragment 

attached to a Pseudomoru. exotoxin that does not require proteolytic activation 
for cytotoxic activity, said Ught chain variable fnmework region containing 
cysteme residues that fonn disulfide linkages with a variable heavy chain 
framework region of an Fv fragment, wherein said amibody fragments comprise 
the variable light or variable heavy chains of an antibody selected from the 
group consisting of Bl and e23 wherein said Pseudomonas exotoxin lacks 
residues 1 through 279 and wherein said immunotoxin is at least 10 fold more 
cytotoxic to the target cells than an immunotoxin comprising PE attached to a 
V, chain framework region of an Fv antibody fragment lacking a disulfide bond 
to a V„ chain framework region. 

28. nie nucleic acid of claim 27. wherein the light chain 
variable region is substituted for domain lb of said Pseudomonas exotoxin. 

29. TTie nucleic acid of claim 27. wherein the Ught chain 
variable region is located after residue 607 of said Pseudomonas exotoxin. 

30. A single chain immunotoxin fusion protein comprising a 
Pseudomonas exotoxin (PE) that does not require proteolytic activation for 

cytotoxic activity attac W to ©itStsr a vmmM^ ligM (V J m a vwm^ fe^vy 

lacking nesldues I Arough 279. 
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a4m n>kM«Ml_ • 

or 



31. The immunotoxin of claim 30, wherein the variable heavy 
variable Ught chain region substantiaUy replaces domain lb of said Pseudomonas 
exotoxin. 

32. The immunotoxin of claim 30, wherein said variable heavy 
or variable light chain region is located in the caiboxyl terminus of said 
Pseudomonas exotoxin. 

33. TTie immunotoxin of claim 30, wherein an amino tenninus of 
the variable heavy or variable Ught chain region is attached to the PE through a 
peptide linker. 



34 The immunotoxin of claim 33, wherein said peptide linker is 

SGGGGS. 



35. Tlw immunotoxin of claim 30, wherein a carboxyl terminus 
of the variable heavy or variable light chain region is attached to the PE tfuough 
a pqstide linker. 



36. The immunotoxin of claim 35, wherein said peptide linker is 

KASGGPE. 



37. The immunotoxin of claim 30, wherein the Fv antibody 
fragment comprises that of an antibody selected from the group consisting of 
Bl, B3, B5, e23, BR96, anti-Tac, RFB4, and HB21. 

38. The immunotoxin of claim 30 having the carboxyl terminal 
sequence of KDEL. 

39. A method of killing cells bearing a characteristic maricer, 

sMd mAM wmpmmg mim&Mg sMd egfe mElb oa m&mmzm mmpmmg a 
PseiM^mi^^ms emmmm (IHH) fas dmss ntm mqmm pm^Dly^c acaavato 
cytotoxic activity attached to an Fv antibody ftagmem having a variable heavy 



I 

2 
3 
4 
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Chain region bound through at least one disulfide bond to a variable Ught chain 
region in the framework regions of both antibody fragments. 

40. A pharmaceutical composition comprising an effective 
amount of an immunotoxin in a phannacologicafly acceptable excipient the 
unmunotoxin comprising a Pseudomorm exotoxin (PE) that does not require 
proteolytic activation for cytotoxic activity attached to an Fv antibody ftagment 
having a variable heavy chain region bound through at least one disulfide bond 
to a variable light chain region in the frameworic regions of both antibody 
finagments. 

41 . A method of delivering an antibody to the cytosol of a ceU 
said method comprising contacting said ceU with a chimeric molecule 
comprising said antibody attached to a Pseudomonas exotoxin that does not 
i«iuire proteolytic cleavage for translocation into tiie cytosol of said cell 
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B1(Fv)PE38 


1 VL L| VH 


I" 


ib 


1 111 






t 

280 


364/381 




B1(dsFv)PE36 


VH 


i " 


lib 


li! 



BUdsFv}PE33 



VL 



E 



ffi 384 395 



II I VH I fli 



VL 



B1(VH)PE33 



364 395 



II I VH 



HI 



Fia / 
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PROTON COMPOSITION 



♦ 



e23(Fv)PE3Bn)EL VL L VH > T\ 



e23(dsFv)PE38K0EL 



280 



VH ; D 



»l IXDEL 



III 



608 



lOEL 



PF;f.*;/TCF^irnin 



VL 



III 



607 604 



jTGFtt I I KDa 



PE35/e23((isFv)KDEL (t) 



280 



607 m 



i VH H kdel 



PE35/e23(iItFv)KDEL (II) 



PE35/e23(dsFv)K0EL (III) 



PE35/e23(dsFv) (IV) 



280 



280 



280. 



IB 



III 



III 



VL 



607 



VH 



S 60 4 
VLTI ltDEL 



607 604 



S VH I I KDEL 



604 



607 



vni KDEL 



\lM±2 DO 

JfiTr^ OOMAIII 11 



DOMAIN lb 



e23 LINKER 
VL 



SUBSTITUTE SHE! 



Ill 



OONAIN III 

e3»(l!o)l 



J3 



UNKER 



i?23 
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effects of the coapound/composltlon. 

2- CUimx Nou 



3- j j Cbims Not; 

U»y i« (tepcndtni eUam wd « m« dfi/ud m »coro«« wio. ih, «co«l «rt to,d of Rul. 6.4U). 



Bo. II Obi«rvMMw» where umiy of wvenoon it lackiax (Cflniinuauiin of ium 2 ofCrii tKeei) 



Thtt lnurnu,o™i Sr«cha« Authomy found muluplc uivnunu m this im«mM»n»I ipplwaaen. u foOowr 



' ^ iUr^'Kl^*"''"'' »PP"""- 'nt.nuuo«) S.«ch Repon cover. 

'-^ *f »y^S^ """" ""^""^ '•""f^ » ""•^''»' ^ Author,., d«. not mv.t, p.y™.„t 



IJ^i/SS'^if^:S?u^j!nJS^ Wb««L Con«,u«Oy. 0» I„,.r«uon.l S.„ch Report u 

> •» umnuon iir« nunuoiicu m the cUmu; n u covered by cUumi Not,-. f~' » " 



PCT;ISA.1I0 (csnunuuan of ftrn ilttec (I)) (Juiy 




FoR> PCT/IiA/310 (pual ttn^ auo} (feV IM) 



